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EMERICELLA NIDULANS GENOME SEQUENCE AND USES THEREOF 

This application claims priority under 35 U.S.C §1 19(e) of U.S. Provisional Applications 
Nos. 60/ 101,665; 60/101,666; 60/102,358; 60/113,361; 60/126,265; 60/130,189; 60/130,190; 
60/132,861; 60/138,103; and 60/149,882, the disclosures of which provisional applications are 
incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

Included in the disclosure are nucleic acid molecules representing the genome of the 
filamentous fungus, Emericella nidulans (previously and still sometimes called Aspergillus 
nidulans) and, in particular, to nucleic acid molecules having nucleic acid sequences 
corresponding to genes, promoters, other regulatory elements, and introns found in the E. 
nidulans genome, a specific set of genes of E. nidulans and a set of primers based on the E, 
nidulans genes. Also disclosed are homologous nucleic acid molecules, complementary nucleic 
acid molecules, polypeptides expressed by such genes, constructs comprising such promoters, 
regulatory elements and/or genes, transformed cells and organisms comprising such genes and/or 
promoters and regulatory elements, primers useful for rephcating parts of such genes and nucleic 
acid molecules, computer readable media comprising sets of such nucleic acid sequences, 
polypeptides and primers, collections of nucleic acid molecules and methods of using such 
molecules and sequences including the use of collections of nucleic acid molecules in genetic 
research and chnical analysis, e.g, for gene expression. 
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BACKGROUND OF THE INVENTION 

Filamentous fungi have a complex multicellular organization involving production of 
highly specialized cell types as part of their normal asexual and sexual lifecycles. Fungi as 
experimental systems are good models for plant and animal cell functions because of their 
evolutionary relatedness. E, nidulans is a model eukaryotic organism and has been used 
extensively to address fundamental questions of biology. E, nidulans is a more complex 
organism than yeast and has many genes which have a similar function to genes found inplants 
and animals. This filamentous fungus has been employed in investigations into a variety of 
genetic phenomena including the mechanisms regulating carbon and nitrogen metaboKsm, cell 
cycle, cytoskeletal functions, and development. A set of nucleic acid molecules representing 
substantially most of the genes in the E. nidulans genome is useful in transcription profiKng 
work to find, identify and characterize counterpart genes in other species, particularly microbial 
and plant species. For instance, it is possible to identify unknown plant gene function by 
studying a similar (homologous) gene in a microbe in which genetic modification can more 
easily be done. That is, if unknown genes are disrupted or overexpressed, transcription profiling 
can be carried out to understand effects of the genetic modification. 

Moreover, chemical/drug discovery can be practiced using such transcription profiling 
with nucleic acids molecules of the E. nidulans genome. And, because many human or plant 
pathogens are filamentous fungi and E, nidulans is a model organism for filamentous fungi, 
transcription profiling with genome-wide expression of the E. nidulans genome is an efficient 
way to understand the action of such pathogens and their secondary metabolites, e.g, mycotoxins 
which can be deleterious to food and feed supplies. In addition environmental stress studies of 
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the E, nidulans genome will provide insight into related mechanisms in plants, e,g. yield, 
stability, thermal resistance, water/drought tolerance, etc. 

Nucleic acid molecules comprising the E. nidulans genome disclosed herein were 
identified and isolated from a sample of filamentous fungus identified as Aspergillus nidulans, 
5 FGSC Number A4, obtained from the Fungal Genetics Stock Center (FGSC) at the University of 
Kansas Medical Center, Kansas City, Kansas. It has been determined that this fungus is more 
properly named Emericella, nidulans. As used herein the terms Emericella nidulans, E. 
nidulans, Aspergillus nidulans and J. nidulans refer to the filamentous fungus previously and 
still sometimes called Aspergillus nidulans, 
10 Nucleic acid sequences of a species, e.g. the E. nidulans, can be generated by random 

j;^ shotgun sequencing of cloned genomic DNA and assembled into longer lengths of contiguous 

=11 sequence (contigs). The final data set from an assembly process comprises a collection of 

n sequences, which includes the contigs resulting from linking of two or more overtyping 

tl sequences as well as singleton nucleic acid sequences, i.e, trace sequences which are not 

15 incorporated into contigs. Such sequences can be screened for genes, e.g. full length or 

substantially full length or partial length genes. Screening methods include homology searches 
against databases of known genes and predictive methods using algorithms which infer the 
presence and extent of a gene. 

The nucleic acid sequences disclosed herein are believed to represent substantially all, or 
20 at least a major part, of the genes in the E. nidulans genome. Genome sequence information 
from E. nidulans permits identification of genetic sequences from other organisms, including 
plants, mammals such as humans, bacteria, other filamentous fungi and non-filamentous fungi 
such as a yeast, e.g. by comparison of such sequences with E. nidulans sequences. The 
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availability of a substantially complete set genes or partial genes of the E. nidulans genome 
permits the definition of primers for fabricating representative nucleic acid molecules of the 
genome which can be used on microarrays facilitating transcription profile studies. In addition 
the identification of the E, nidulans genome permits the fabrication of a wide variety of DNA 
5 constructs useful for imparting unique genetic properties into transgenic organisms. These and 
other advantages attendant with the various aspects of this invention will be apparent fi-om the 
following description of the invention and its various embodiments. 

SUMMARY OF THE INVENTION 

10 The present invention contemplates and provides a substantial part of the genome of the 

filamentous fimgus Emericella nidulans. One aspect of the invention is a set of more than 
m 16,000 contig and singleton sequences comprising coding sequence as well as promoters, other 

Q regulatory elements and introns represented by SEQ ID NO: 1 through SEQ ID NO: 16206. 

O Contigs in SEQ ID NO: 1 through SEQ ID NO: 16206 are recognized as those sequences whose 

15 designations begin with ANI6 1 C or ANI5 OC . Singleton sequences are recognized as those 
^ J having designations which begin with ANI61S or ANI50S. Thus, a subset of the nucleic acid 

molecules of this invention comprises promoters and/or other regulatory elements of the E. 

nidulans genome as present in SEQ ID NO: 1 through SEQ ID NO: 16206 or complements 

thereof 

20 Another aspect of this invention comprises a set of about 12,000 genes or partial genes of 

the E. nidulans genome including genes represented by SEQ ID NO: 16207 through SEQ ID 
NO: 27905 and a small set of previously reported genes represented by SEQ ID NO: 27906 
through SEQ ID NO: 28165. As used herein, a substantially complete set of genes for an 
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organism is referred to as a unigene set. Thus, as used herein reference is made to specific genes 
comprising the unigene set of nidulas as "ENUxxxxx" where ENU is an acronym for 
Emericella nidulans unigene and xxxxx represents a number. Thus, ENUOOOOl to ENU27905 
are used to designate the genes of £. nidulans identified herein; and, ENU27906 to ENU28165 
are used to designate the previously reported genes of E, nidulans. Moreover, the term "ENU" 
by itself is also used herein to mean any of the nucleic acid molecules comprising genes or 
partial genes of the unigene set for E. nidulans. More particularly the term "ENU of this 
invention" as used herein means a nucleic acid molecule representing a gene or partial gene of E. 
nidulans disclosed herein selected from the group consisting of ENUOOOOl to ENU27905. 

The present invention also contemplates and provides substantially purified nucleic acid 
molecules comprising the ENUs and other nucleic acid molecules of this invention as well as 
molecules which are complementary to, and capable of specifically hybridizing to, the ENU or 
its complement. 

The present invention also contemplates and provides substantially purified nucleic acids 
molecules which are homologous to the nucleic acid molecules of this invention including, for 
example, those which are homologous to the ENUs of this invention, e,g, a plurahty of related 
sets of homologous nucleic acid molecules in other species which are homologous to the ENUs. 

The present invention also contemplates and provides substantially purified protein, or 
polypeptide fragments thereof, which are encoded by cDNA associated with the ENUs of the 
present invention. 

The present invention also contemplates and provides constructs comprising promoters, 
regulatory elements and/or the ENUs which are useful in making transgenic cells or organisms. 
In particular this invention also provides transformed cell or organism having a nucleic acid 
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molecule which comprises: (a) a promoter region which functions in the cell to cause the 
production of a mRNA molecule; which is linked to (b) a structural nucleic acid molecule, which 
is linked to (c) a 3' non-translated sequence that functions in the cell to cause termination of 
transcription and addition of polyadenylated ribonucleotides to a 3' end of the mRNA molecule, 
5 where components (a) and/or (b) are selected from E. nidulans nucleic acid sequences provided 
herein and more preferably selected E, nidulans nucleic acid sequences from the group consisting 
of ENUOOOOl to ENU27905. 

Still another aspect of this invention is a set (and subsets thereof) of about 24,000 primers 
for the ENUs of this invention, including a specific subset of about 16,000 primers represented 
JS 10 by SEQ ID NO: 28166 through SEQ ID NO: 44345 which can be used to generate and isolate 
f2 nucleic acid molecules representative ENUs of this invention and homologs thereof in other non- 

m E, Nidulans species. The nucleic acids molecules of this invention including primers represent a 

0 useful tool in genetic research not only for the species E. nidulans, but also for other fungal 

species, other microorganisms and hfe forms with more differentiated cell structure such as 
v^, 15 plants and animals. The present invention also contemplates and provides primer pairs for 
. S replicating or identifying parts of the ENUs. 

The present invention also contemplates and provides computer readable media having 
recorded thereon one or more of the nucleotide sequences provided by this invention and 
methods for using such media, e.g. in searching to identify genes associated with nucleic acid 
20 sequences. 

The present invention also contemplates and provides collections of nucleic acid 
molecules, including oligonucleotides, representing the E. nidulans genome including collections 
on solid substrates, e.g. substrates having attached thereto in array form nucleic acid molecules 
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or oligonucleotides representing genes of the E. nidulans genome. The invention also 
contemplates and provides methods of using such collections and arrays, e.g. in transcription 
profiling analysis. The present invention also contemplates and provides methods for using the 
nucleic acid molecules of this invention, e.g. for identifying genetic material and/or determining 
gene expression by hybridizing expressed and labeled nucleic acid molecules or fragments 
thereof to arrayed collections of the nucleic acid molecules of this invention. 

The present invention also contemplates and provides oligonucleotides which are 
identical or complementary to a sequence of similar length for an ENU. Such oligonucleotides 
are useful, for example, for hybridzing to and identifying nucleic acid molecules which are 
homologous and/or complemetary to the ENUs of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

As used herein, a nucleic acid molecule and/or polypeptide molecule, be it a naturally 
occurring molecule or otherwise, may be "substantially purified", if the molecule is separated 
from substantially all other molecules normally associated with it in its native state. More 
preferably a substantially purified molecule is the predominant species present in a preparation. 
A substantially purified molecule may be greater than 60% free, preferably 75% free, more 
preferably 90% free, and most preferably 95% free from the other molecules (exclusive of 
solvent) present in the natural mixture. The term "substantially purified" is not intended to 
encompass molecules present in their native state. 

The ENUs of this invention and other nucleic acid molecules and/or polypeptide 
molecules of the present invention will preferably be "biologically active" with respect to either a 
structural attribute, such as the capacity of a nucleic acid to hybridize to another nucleic acid 
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molecule, or the ability of a protein to be bound by an antibody (or to compete with another 
molecule for such binding). Alternatively, such an attribute may be catalytic, and thus involve 
the capacity of the agent to mediate a chemical reaction or response. 

As used herein the term "polypeptide" means a protein or fragment thereof expressed by 
a nucleic acid molecule in a cell. 

The ENUs of this invention and other nucleic acid molecules of the present invention 
may also be recombinant. As used herein, the term recombinant means any molecule (e,g, DNA, 
peptide etc), that is, or results, however indirect, from human manipulation of a nucleic acid 
molecule. 

It is understood that the nucleic acid molecules of the present invention may be labeled 
with reagents that facilitate detection of the agent, e.g. fluorescent labels as disclosed in US 
Patent 4,653,417, chemical labels as disclosed in U.S. Patents 4,582,789 and 4,563,417 and 
modified bases as disclosed in US Patent 4,605,735, all of which are incorporated herein by 
reference in their entirety. 

The term "oligonucleotide" as used herein refers to short nucleic acid molecules usefiil, 
e.g. for hybridizing probes, nucleotide array elements or amplification primers. Oligonucletide 
molecules are comprised of two or more nucleotides, Le. deoxyribonucleotides or 
ribonucleotides, preferably more than five and up to 30 or more. The exact size will depend on 
many factors, which in turn depend on the ultimate ftmction or use of the oHgonucleotide. 
Oligonucleotides can comprise ligated natural nucleic molecules acids or s)nithesized nucleic 
acid molecules and.comprise between 5 to 150 nucleotides or between about 15 and about 100 
nucleotides, or preferably up to 100 nucleotides, and even more preferably between 15 to 30 
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nucleotides or most preferably between 18-25 nucleotides, identical or complementary to a 
sequence of similar length for an ENU. 

This invention provides oligonucleotides specific for ENU sequences. Such 
oligonucleotides may be nucleic acid elements for use on solid arrays (e.g. synthesized or 
5 spotted) or primers for amplification of ENUs of this invention. Such primers for use in 

polymerase chain reaction (PGR) primers are preferably designed with the goal of amplifying 
nucleic acids fi-om either the 3 ' or the 5' end of an ENU or a fi-agment of an ENU, e.g, about 500 
to 800 bp of nucleic acids firom the at the 3' end of such a nucleic acid molecule. 

The term "primer" as used herein refers to a nucleic acid molecule, preferably an 
:i g 10 oligonucleotide whether derived fi*om a naturally occurring molecule, such as one isolated firom a 
D restriction digest or one produced synthetically, which is capable of acting as a point of initiation 

^ of synthesis when placed under conditions in which synthesis of a primer extension product 

which is complementary to a nucleic acid strand is induced, Le., in the presence of nucleotides 
^ S and an agent for polymerization such as DNA polymerase and at a suitable temperature and pH. 

m 1 5 The primer is preferably single stranded for maximum efficiency in amplification, but may 
alternatively be double stranded. If double stranded, the primer is first treated to separate its 
strands before being used to prepare extension products. Preferably, the primer is an 
oligodeoxyribonucleotide. The primer must be sufficiently long to prime the synthesis of 
extension products in the presence of the agent for polymerization. The exact lengths of the 
20 primers will depend on many factors, including temperature and source of primer. For example, 
depending on the complexity of the target sequence, the ohgonucleotide primer typically 
contains at least 15, more preferably 18 nucleotides, which are identical or complementary to the 
template and optionally a tail of variable length which need not match the template. The length 
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of the tail should not be so long that it interferes with the recognition of the template. Short 
primer molecules generally require cooler temperatures to form sufficiently stable hybrid 
complexes with the template. 

The primers herein are selected to be "substantially" complementary to the different 
strands of each specific sequence to be amplified. This means that the primers must be 
sufficiently complementary to hybridize with their respective strands. Therefore, the primer 
sequence need not reflect the exact sequence of the template. For example, a non- 
complementary nucleotide fi-agment may be attached to the 5' end of the primer, with the 
remainder of the primer sequence being complementary to the strand. Alternatively, non- 
complementary bases or longer sequences can be interspersed into the primer, provided that the 
primer sequence has sufficient complementarity with the sequence of the strand to be ampHfied 
to hybridize therewith and thereby form a template for synthesis of the extension product of the 
other primer. Computer generated searches using programs such as PrimerS ( www- 
genome.wi.mit.edu/cgi-bin/primer/primer3.cgi\ STSPipeline ( www-genome.wi.mit.edu/cgi- 
bin/www-STS Pipeline ! or GeneUp (Pesole et al, BioTechniques 25:1 12-123 (1998)), for 
example, can be used to identify potential PGR primers. Exemplary primers include primers that 
are 18 to 50 bases long, where at least between 18 to 25 bases are identical or complementary to 
at least 18 to 25 bases segment of the template sequence. Preferred template sequences for such 
primers are selected firom a fi*agment of any one of SEQ ID NO: 16207 through SEQ ID NO: 
28905 or complements thereof 

This invention also contemplates and provides primer pairs for amplification of nucleic 
acid molecules representing the ENUs. As used herein "primer pair" means a set of two 
oligonucleotide primers based on two separated sequence segments of a target nucleic acid 
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sequence. One primer of the pair is a "forward primer" or "5' primer" having a sequence which 
is identical to the more 5' of the separated sequence segments. The other primer of the pair is a 
"reverse primer" or "3' primer" having a sequence which is complementary to the more 3' of the 
separated sequence segments. A primer pair allows for amplification of the nucleic acid 
sequence between and including the separated sequence segments. Optionally, each primer pair 
can comprise additional sequences, e.g. universal primer sequences or restriction endonuclease 
sites, at the 5' end of each primer, e.g. to faciUtate cloning, DNA sequencing, or reamplification 
of the target nucleic acid sequence. 

Nucleic acid molecules of the present invention include those having a nucleic acid 
sequence selected from the group consisting of SEQ ID NO: 1 though SEQ ID NO: 44,435 and 
complements thereof and fragments of either. Preferred nucleic acid molecules include those 
having a nucleic acid sequence selected from the following groups: SEQ ID NO: 16207 through 
SEQ ID NO: 27905 or complements thereof; SEQ ID NO: 16207 through SEQ ID NO: 26804 or 
complements thereof; SEQ ID NO: 26000 through SEQ ID NO: 26804 or complements thereof; 
SEQ ID NO: 16207 through SEQ ID NO: 25999 or complements thereof; SEQ ID NO: 24035 
through SEQ ID NO: 25999 or complements thereof; SEQ ID NO: 16207 through SEQ ID NO: 
24034 or complements thereof; SEQ ID NO: 22710 through SEQ ID NO: 24034 or complements 
thereof; SEQ ID NO: 16207 through SEQ ID NO: 22709 or complements thereof; ; SEQ ID NO: 
17681 through SEQ ID NO: 22709 or complements thereof; SEQ ID NO: 16207 through SEQ ID 
NO: 17680 or complements thereof; SEQ ID NO: 17618 through SEQ ID NO: 17680 or 
complements thereof; SEQ ID NO: 16207 through SEQ ID NO: 17617 or complements thereof; 
SEQ ID NO: 17295 through SEQ ID NO: 17617 or complements thereof; SEQ ID NO: 16207 
through SEQ ID NO: 17294 or complements thereof Other preferred nucleic acid molecules 
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include any of the above groups but where such groups also include fragments of such 
sequences. 

Nucleic acid molecules or fragments thereof are capable of specifically hybridizing to 
other nucleic acid molecules under certain circumstances. As used herein, two nucleic acid 
5 molecules are said to be capable of specifically hybridizing to one another if the two molecules 
are capable of forming an anti-parallel, double-stranded nucleic acid structure along a sufficient 
portion of the molecule to allow for stable binding imder laboratory hybridizing conditions. A 
nucleic acid molecule is said to be the "complement" of another nucleic acid molecule if they 
exhibit complete complementarity. As used herein, molecules are said to exhibit "complete 
10 complementarity" when every nucleotide of one of the molecules is complementary to a 
% nucleotide of the other. Two molecules are said to be "minimally complementary" if they can 

m hybridize to one another with sufficient stability to permit them to remain annealed to one 
p another under at least conventional "low-stringency" conditions. Similarly, the molecules are 

a said to be "complementary" if they can hybridize to one another with sufficient stabihty to 

J ^ 15 permit them to remain annealed to one another under conventional "high-stringency" conditions. 

u Pi! 

;^ Conventional stringency conditions are described by Sambrook et al. Molecular Cloning, A 

Laboratory Manual, 2nd Ed., Cold Spring Harbor Press, Cold Spring Harbor, New York (1989), 
and by Haymes et al, Nucleic Acid Hybridization, A Practical Approach^ IRL Press, 
Washington, DC (1985), the entirety of both of which are herein incorporated by reference. 
20 Departures from complete complementarity are therefore permissible, as long as such departures 
do not completely preclude the capacity of the molecules to form a double-stranded structure. 
Thus, in order for a nucleic acid molecule to serve as a primer or probe it need only be 
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sufficiently complementary in sequence to be able to fomi a stable double-stranded structure 
under the particular solvent and salt concentrations employed. 

Appropriate stringency conditions which promote DNA hybridization, for example, 6.0 X 
sodium chloride/sodium citrate (SSC) at about 45°C, followed by a wash of 2.0 X SSC at 50°C, 
are known to those skilled in the art or can be found in Current Protocols in Molecular Biology, 
John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. For example, the salt concentration in the wash 
step can be selected from a low stringency of about 2.0 X SSC at 50°C to a high stringency of 
about 0.2 X SSC at 50°C. In addition, the temperature in the wash step can be increased from 
low stringency conditions at room temperature, about 22°C, to high stringency conditions at 
about 65 °C. Both temperature and salt may be varied, or either the temperature or the salt 
concentration may be held constant while the other variable is changed. 

Preferred embodiments of the nucleic acid of this invention will specifically hybridize to 
one or more of the ENUs of this invention or complements thereof under low stringency 
conditions, for example at about 2.0 X SSC and about 50°C. In a particularly preferred 
embodiment, a nucleic acid of the present invention will include those nucleic acid molecules 
that specifically hybridize to one or more of the ENUs of this invention or complements thereof 
under moderate stringency conditions. In an especially preferred embodiment, a nucleic acid of 
the present invention will include those nucleic acid molecules that specifically hybridize to one 
or more of the ENUs of this invention or complements thereof under high stringency conditions. 

In another aspect of the present invention, one or more of the nucleic acid molecules of 
the present invention share between 100% and 90% sequence identity with one or more of the 
ENUs of this invention or complements thereof In a fiirther aspect of the present invention, one 
or more of the nucleic acid molecules of the present invention share between 100% and 95% 
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sequence identity with one or more of the ENUs of this invention or complements thereof In a 
more preferred aspect of the present invention, one or more of the nucleic acid molecules of the 
present invention share between 100% and 98% sequence identity with one or more of the ENUs 
of this invention or complements thereof In an even more preferred aspect of the present 
invention^ one or more of the nucleic acid molecules of the present invention share between 
100% and 99% sequence identity with one or more of the ENUs of this invention or 
complements thereof 

The present invention also encompasses the use of nucleic acids of the present invention 
in recombinant constructs. Using methods known to those of ordinary skill in the art, an ENU 
sequence and/or a promoter sequence of the invention can be inserted into constructs which can 
be introduced into a host cell of choice for expression of the encoded protein if an ENU is used 
or for use of an E. nidulans promoter to direct expression of a heterologous protein. Potential 
host cells include both prokaryotic and eukaryotic cells. A host cell may be unicellular or found 
in a multicellar differentiated or undifferentiated organism depending upon the intended use. It 
is understood that useful exogenous genetic material may be introduced into any non-fungal cell 
or organism such as a plant cell, plant, mammaUan cell, mammal, fish cell, fish, bird cell, bird or 
bacterial cell. 

Depending upon the host, the regulatory regions for expression of ENU sequences will 
vary, including regions firom viral, plasmid or chromosomal genes, or the like. For expression in 
prokaryotic or eukaryotic microorganisms, particularly unicellular hosts, a wide variety of 
constitutive or regulatable promoters may be employed. Among transcriptional initiation regions 
which have been described are regions fi-om bacterial and yeast hosts, such as E, coli, B. subtilis, 
Sacchromyces cerevisiae, including genes such as beta-galactosidase, T7 polymerase and 
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tryptophan E. 

Furthermore, for use in transformation of E, nidulans, constructs may include those in 
which an ENU sequence or portion thereof of the present invention is positioned with respect to a 
promoter sequence such that production of antisense mRNA complementary to native mRNA 
molecules is provided. In this manner, expression of the native gene may be decreased. Such 
methods may find use for modification of particular functions of the targeted host, and/or for 
discovering the function of a protein naturally expressed in E. nidulans. 

Complements and homologs of ENUs 

Another embodiment of the present invention comprises a nucleic acid molecule which is 
a homolog of an ENU of this invention which encodes a polypeptide also found in a plant, 
animal or bacterial organism. Yet another embodiment comprises a nucleic acid molecule which 
encodes a polypeptide which is homologous to a polypeptide encoded by an ENU of this 
invention where the percent identity between the polypeptides is between about 25%and about 
40%, more preferably of between about 40 and about 70%, even more preferably of between 
about 70% and about 90%, and even more preferably between about 90% and 99% and most 
preferably 100%. 

Genomic sequences can be screened for the presence of protein homologs utilizing one or 
a number of different search algorithms that have been developed, one example of which are the 
suite of programs referred to as BLAST programs. In addition, unidentified reading fi*ames may 
be screened for by gene prediction software such as GenScan available for downloading from the 
Stanford University web site. The degeneracy of the genetic code allows different nucleic acid 
sequences to code for the same protein or peptide, eg. see U.S. Patent No. 4,757,006, the entirety 
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of which is herein incorporated by reference. As used herein a nucleic acid molecule is 
degenerate of another nucleic acid molecule when the nucleic acid molecules encode for the 
same amino acid sequences but comprise different nucleotide sequences. An aspect of the 
present invention is that the nucleic acid molecules of the present invention include nucleic acid 
molecules that are degenerate from the ENUs of this invention. 

A ftirther aspect of the present invention comprises one or more nucleic acid molecules 
which differ in nucleic acid sequence from those of an ENU of this invention due to the 
degeneracy in the genetic code in that they encode the same protein but differ in nucleic acid 
sequence or a protein having one or more conservative amino acid residue. Codons capable of 
coding for such conservative substitutions are known in the art. For instance^ serine is a 
conservative substitute of alanine and threonine is a conservative substitute for serine. 

Regulatory Elements 

One class of agents of the present invention includes nucleic acid molecules having 
promoter regions or partial promoter regions or other regulatory elements, particularly those 
found in SEQ ID NO: 1 through SEQ ID NO: 16144 and located upstream of the trinucleotide 
ATG sequence at the start site of a protein coding region. As used herein, a promoter region is a 
region of a nucleic acid molecule that is capable, when located in cis to a nucleic acid sequence 
that encodes for a protein or peptide to fimction in a way that directs expression of one or more 
mRNA molecules that encodes for the protein or peptide. Promoters of the present invention can 
comprise nucleic acids in the range from about 300 bp to at least 1000 bp or more, say about 
2000 bp or even higher say about 5000 bp and up to about 10 kb upstream of the trinucleotide 
ATG sequence at the start site of a protein coding region. While in many circumstances a 300 bp 
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promoter may be sufficient for expression, additional sequences may act to further regulate 
expression, for example, in response to biochemical, developmental or environmental signals. In 
a preferred embodiment of the present invention, the promoter is upstream of a nucleic acid 
sequence that encodes an E, nidulans protein homolog or fragment thereof or preferably 
upstream of an ENU of this invention. It is also preferred that the promoters of the present 
invention contain a CAAT and a TATA cis element. Moreover, the promoters of the present 
invention can include one or more cis elements in addition to a CAAT and a TATA box. For the 
most part, the promoters of the present invention will be located in contig sequences which 
generally represent longer nucleic acids than do singleton sequences of the present invention. 
Contigs in SEQ ID N0:1 through SEQ ID NO:16144 are recognized as those sequences whose 
designations begin with ANI61C or ANI50C, as opposed to singletons whose designations begin 
with ANI61S or ANI50S. Where an ENU is specified as being located on two different contigs, 
the promoter region will be located on the contig representing the 5' region of the gene encoding 
sequence. 

By "regulatory element" it is intended a series of nucleotides that determines if, when, 
and at what level a particular gene is expressed. The regulatory DNA sequences specifically 
interact with regulatory or other proteins. Many regulatory elements act in cis {''cis elements'*) 
and are believed to affect DNA topology, producing local conformations that selectively allow or 
restrict access of RNA polymerase to the DNA template or that faciUtate selective opening of the 
double helix at the site of transcriptional initiation. Cis elements occur within, but are not 
limited to promoters, and promoter modulating sequences (inducible elements). Cis elements 
can be identified using known cis elements as a target sequence or target motif in the BLAST 
programs of the present invention. Promoters of the present invention include homologs of cis 
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elements known to effect gene regulation that show homology with the nucleic acid molecules of 
the present invention. 
Polypeptides 

Other aspects of this invention comprises one or more of the polypeptides, including 
proteins or peptide molecules, encoded by the coding region of an ENU of this invention or 
fragments thereof or homologs thereof Protein and peptide molecules can be identified using 
known protein or peptide molecules as a target sequence or target motif in the BLAST programs 
of the present invention. In a preferred embodiment the protein or fragment molecules of the 
present invention are derived from E. nidulans. 

As used herein, the term "protein molecule" or "peptide molecule" includes any molecule 
that comprises five or more amino acids. It is well known in the art that proteins or peptides may 
undergo modification, including post-translational modifications, such as, but not limited to, 
disulfide bond formation, glycosylation, phosphorylation, or oligomerization. Thus, as used 
herein, the term "protein molecule" or "peptide molecule" includes any protein molecule that is 
modified by any biological or non-biological process. The terms "amino acid" and "amino 
acids" refer to all naturally occurring L-amino acids. This definition is meant to include 
norleucine, ornithine, homocysteine, and homoserine. 

One or more of the protein or peptide molecules may be produced via chemical synthesis, 
or more preferably, by expression in a suitable bacterial or eukaryotic host. Suitable methods for 
expression are described by Sambrook et al. Molecular Cloning, A Laboratory Manual^ 2nd 
Edition, Cold Spring Harbor Press, Cold Spring Harbor, New York (1989), or similar texts. 

A "protein fragment" comprises a subset of the amino acid sequence of that protein. A 
protein fragment which comprises one or more additional peptide regions not derived from a 
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base protein is a "fusion'' protein. Such molecules may be derivatized to contain carbohydrate or 
other groups (such as keyhole limpet hemocyanin, etc). Fusion protein or peptide molecules of 
the present invention are preferably produced via recombinant means. 

Another class of agents comprises protein or peptide molecules encoded by the coding 
region of an ENU of this invention or complements thereof or, fragments or fusions thereof in 
which conservative, non-essential, or not relevant, amino acid residues have been added, 
replaced, or deleted. An example of such a homolog is the homolog protein of a non-E'. nidulans 
filamentous fungus. Such a homolog can be obtained by any of a variety of methods. For 
example, as indicated above, one or more of the disclosed sequences for primers of this invention 
can be used to define a pair of primers that may be used to isolate the homolog-encoding nucleic 
acid molecules from any desired species. Such molecules can be expressed to yield homologs by 
recombinant means. 

Antibodies 

One aspect of the present invention concerns antibodies, single-chain antigen binding 
molecules, or other proteins that specifically bind to one or more of the protein or peptide 
molecules of the present invention and their homologs, fusions or fragments. Such antibodies 
may be used to quantitatively or qualitatively detect the protein or peptide molecules of the 
present invention. As used herein, an antibody or peptide is said to "specifically bind" to a 
protein or peptide molecule of the present invention if such binding is not competitively inhibited 
by the presence of non-related molecules. In a preferred embodiment the antibodies of the 
present invention bind to proteins of the present invention, in a more preferred embodiment of 
the antibodies of the present invention bind to proteins derived from E. nidulans. 
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Nucleic acid molecules that encode all or part of the protein of the present invention can 
be expressed, via recombinant means, to yield protein or peptides that can in tum be used to elicit 
antibodies that are capable of binding the expressed protein or peptide. Such antibodies may be 
used in immunoassays for that protein. Such protein-encoding molecules, or their fragments may 
be a "fusion" molecule (z.e., a part of a larger nucleic acid molecule) such that, upon expression, 
a fusion protein is produced. It is understood that any of the nucleic acid molecules of the 
present invention may be expressed, via recombinant means, to yield proteins or peptides 
encoded by these nucleic acid molecules. 

The antibodies that specifically bind proteins and protein fragments of the present 
invention may be polyclonal or monoclonal. It is understood that practitioners are familiar with 
the standard resource materials which describe specific conditions and procedures for the 
construction, manipulation and isolation of antibodies (see, for example, Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor Press, Cold Spring Harbor, New York 
(1988), the entirety of which is herein incorporated by reference). 

It is understood that any of the antibodies of the present invention can be substantially 
purified and/or be biologically active and/or recombinant. 

Fungal Constructs and Fungal Transformants 

The present invention also relates to a fungal recombinant vector, e.g. comprising 
exogenous genetic material. In a preferred embodiment the exogenous genetic material includes 
at least one nucleic acid molecule of the present invention which can preferably be (a) an ENU of 
this invention or fragment or homolog thereof or (b) a regulatory element, promoter or partial 
promoter of the present invention. In a further more preferred embodiment of the present 
invention exogenous genetic material includes a regulatory element, promoter or partial promoter 
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of the present invention and a nucleic acid molecule of the present invention having a sequence 
within a contig selected from the group identified by SEQ ID NO: 1 through SEQ ID NO: 16206 
or complements thereof or fragments of either. In a ftirther more preferred embodiment of the 
present invention exogenous genetic material includes a regulatory element, promoter or partial 
5 promoter of the present invention and a nucleic acid molecule encoding an E. nidulans protein 
homolog or fragments thereof It is also understood that such exogenous genetic material may be 
introduced into any non-fimgal cell or organism such as a plant cell, plant, manmialian cell, 
mammal, fish cell, fish, bird cell, bird or bacterial cell. 

The recombinant vector may be any vector which can be conveniently subjected to 
10 recombinant DNA procedures. The choice of a vector will typically depend on the compatibihty 
of the vector with the host cell into which the vector is to be introduced. The vector may be a 
linear or a closed circular plasmid. The vector system may be a single vector or plasmid or two 
or more vectors or plasmids which together contain the total DNA to be introduced into the 
genome of the host. 

1 5 The vectors of the present invention preferably contain one or more selectable markers 

which permit easy selection of transformed cells. A selectable marker is a gene the product of 
which provides, for example biocide or viral resistance, resistance to heavy metals, prototrophy 
to auxotrophs, and the like. The selectable marker may be selected from the group including, but 
not limited to, amdS (acetamidase), argB (ornithine carbamoyltransferase), bar (phosphinothricin 

20 acetyltransferase), hygB (hygromycin phosphotransferase), niaD (nitrate reductase), j!?yrG 
(orotidine-5*-phosphate decarboxylase), sC (sulfate adenyltransferase), trpC (anthranilate 
synthase) and g:^ (green fluorescent protein). Preferred for use in an Emericella cell are the 
amdS and pyrG markers of Emericella nidulans or Aspergillus, oryzae and the bar marker of 
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Streptomyces hygroscopicus. Furthermore, selection may be accomplished by co-transformation, 
e.g., as described in WO 91/17243, the entirety of which is herein incorporated by reference. 

A nucleic acid sequence of the present invention may be operably linked to a suitable 
promoter sequence. A protein or fragment thereof encoding nucleic acid molecule of the present 
5 invention may also be operably linked to a suitable leader sequence. A leader sequence is a 
nontranslated region of a mRNA which is important for translation by the fungal host. The 
leader sequence is operably linked to the 5' terminus of the nucleic acid sequence encoding the 
protein or fragment thereof. The leader sequence may be native to the nucleic acid sequence 
encoding the protein or fragment thereof or may be obtained from foreign sources. A 

10 polyadenylation sequence may also be operably linked to the 3' terminus of the nucleic acid 
sequence of the present invention. 

To avoid the necessity of disrupting the cell to obtain the protein or fragment thereof, 
and to minimize the amount of possible degradation of the expressed protein or fragment thereof 
within the cell, it may be preferred that expression of the protein or fragment thereof gives rise to 

15 a product secreted outside the cell, especially in the case of expression in host cells of fimgus or 
bacteria. To this end, the protein or fragment thereof of the present invention may be linked to a 
signal peptide linked to the amino terminus of the protein or fragment thereof. A signal peptide 
is an amino acid sequence which permits the secretion of the protein or fragment thereof from the 
host into the culture medium. 

20 A protein or fragment thereof encoding nucleic acid molecule of the present invention 

may also be linked to a propeptide coding region. A propeptide is an amino acid sequence found 
at the amino terminus of aproprotein or proenzyme. Cleavage of the propeptide from the 
proprotein yields a mature biochemically active protein. The resulting polypeptide is known as a 
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propolypeptide or proenzyme (or a zymogen in some cases). Propolypeptides are generally 
inactive and can be converted to mature active polypeptides by catalytic or autocatalytic cleavage 
of the propeptide from the propolypeptide or proenzyme. The propeptide coding region may be 
native to the protein or fragment thereof or may be obtained from foreign sources. 

The expressed protein or fragment thereof may be detected using methods known in the 
art that are specific for the particular protein or fragment. These detection methods may include 
the use of specific antibodies, formation of an enzyme product, or disappearance of an enzyme 
substrate. For example, if the protein or fragment thereof has enzymatic activity, an enzyme 
assay may be used. Alternatively, if polyclonal or monoclonal antibodies specific to the protein 
or fragment thereof are available, immunoassays may be employed using the antibodies to the 
protein or fragment thereof. The techniques of enzyme assay and immunoassay are well knovra 
to those skilled in the art. 

The resulting protein or fragment thereof may be recovered by methods known in the arts 
For example, the protein or fragment thereof may be recovered from the nutrient medium by 
conventional procedures including, but not limited to, centrifiigation, filtration, extraction, spray- 
drying, evaporation, or precipitation. The recovered protein or fragment thereof may then be 
fiirther purified by a variety of chromatographic procedures, e.g., ion exchange chromatography, 
gel filtration chromatography, affinity chromatography, or the like. 

Plant Constructs and Plant Transformants 

ENUs or other nucleic acid molecules of this invention may be used in plant 
transformation or transfection. Exogenous genetic material may be transferred into a plant cell 
and the plant cell regenerated into a whole, fertile or sterile plant. Exogenous genetic material is 
any genetic material, whether naturally occurring or otherwise, from any source that is capable of 
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being inserted into any organism. Such genetic material may be transferred into either 
monocotyledons and dicotyledons including but not limited to the plants, alfalfa, Arabidopsis 
thaliana, barley, broccoli, cabbage, citrus, cotton, garlic, oat, oilseed rape, onion, canola, flax, 
maize, an ornamental plant, pea, peanut, pepper, potato, rice, rye, sorghum, soybean, strawberry, 
sugarcane, sugarbeet, tomato, wheat, poplar, pine, fir, eucalyptus, apple, lettuce, lentils, grape, 
banana, tea, turf grasses, sunflower, oil palm, etc. 

Exogenous genetic material may be transferred into a plant cell by the use of a DNA 
vector or construct designed for such a purpose. Vectors have been engineered for 
transformation of large DNA inserts into plant genomes. Binary bacterial artificial chromosomes 
have been designed to replicate in both E, coli and Agrobacterium tumefaciens and have all of 
the features required for transferring large inserts of DNA into plant chromosomes. BAG 
vectors, e.g. a pBACwich, have been developed to achieve site-directed integration of DNA into 
a genome. 

A construct or vector may also include a plant promoter to express the protein or protein 
fragment of choice. A number of promoters which are active in plant cells have been described 
in the literature. These include the nopaline synthase (NOS) promoter, the octopine synthase 
(OCS) promoter, a caulimo virus promoter such as the CaMV 19S promoter and the CaMV 35S 
promoter, the figwort mosaic virus 35S promoter, the light-inducible promoter from the small 
subunit of ribulose-l,5-bis-phosphate carboxylase (ssRUBISCO), the Adh promoter, the sucrose 
synthase promoter, the R gene complex promoter, and the chlorophyll a/b binding protein gene 
promoter. For the purpose of expression in source tissues of the plant, such as the leaf, seed, root 
or stem, it is preferred that the promoters utilized in the present invention have relatively high 
expression in these specific tissues. For this purpose, one may choose from a number of 
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promoters for genes with tissue- or cell-specific or -enhanced expression. Examples of such 
promoters reported in the literature include the chloroplast glutamine synthetase GS2 promoter 
from pea, the chloroplast fructose- 1,6-biphosphatase (FBPase) promoter Jfrom wheat, the nuclear 
photosynthetic ST-LSl promoter fi*om potato, the phenylalanine ammonia-lyase (PAL) promoter 
and the chalcone synthase (CHS) promoter fi*om Arabidopsis thaliana. Also reported to be 
active in photosynthetically active tissues are the ribulose-l,5-bisphosphate carboxylase (RbcS) 
promoter fi'om eastern larch {Larix laricina\ the promoter for the cab gene, cab6, fi*om pine, the 
promoter for the Cab-1 gene from wheat, the promoter for the CAB-1 gene fi*om spinach, the 
promoter for the cablR gene from rice, the pyruvate, orthophosphate dikinase (PPDK) promoter 
from Zea mays^ the promoter for the tobacco Lhcbl*2 gene, the Arabidopsis thaliana SUC2 
sucrose-ff symporter promoter, and the promoter for the thylacoid membrane proteins from 
spinach (psaD, psaF, psaE, PC, FNR, atpC, atpD, cab, rbcS). Other promoters for the chlorophyl 
a^-binding proteins may also be utilized in the present invention, such as the promoters for 
LhcB gene and PsbP gene from white mustard (Sinapis alba). Additional promoters that may be 
utilized are described, for example, in U.S. Patent Nos. 5,378,619; 5,391,725; 5,428,147; 
5,447,858; 5,608,144; 5,608,144; 5,614,399; 5,633,441; 5,633,435 and 4,633,436, all of which 
are herein incorporated in their entirety. 

Constructs or vectors may also include, with the coding region of interest, a nucleic acid 
sequence that acts, in whole or in part, to terminate transcription of that region. For example, 
such sequences have been isolated including the Tr7 3' sequence and the nos 3' sequence or the 
like. It is understood that one or more sequences of the present invention that act to terminate 
transcription may be used. 
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A vector or construct may also include other regulatory elements or selectable markers. 
Selectable markers may also be used to select for plants or plant cells that contain the exogenous 
genetic material. Examples of such include, but are not limited to, a neo gene which codes for 
kanamycin resistance and can be selected for using kanamycin, G418, etc.; a bar gene which 
5 codes for bialaphos resistance; a mutant EPSP synthase gene which encodes glyphosate 
resistance; a nitrilase gene which confers resistance to bromoxynil, a mutant acetolactate 
synthase gene (ALS) which confers imidazolinone or sulphonylurea resistance; and a 
methotrexate resistant DHFR gene. 

A vector or construct may also include a screenable marker to monitor expression. 
10 Exemplary screenable markers include a p-glucnronidase or uidA gene (GUS), an R-locus gene, 
O which encodes a product that regulates the production of anthocyanin pigments (red color) in 
in plant tissues; a p-lactamase gene, a gene which encodes an enzyme for which various 
■"^ chromogenic substrates are known (e.g., PAD AC, a chromogenic cephalosporin); a luciferase 
; S gene, a xylE gene which encodes a catechol dioxygenase that can convert chromogenic 
M 1 5 catechols; an a-amylase gene, a tyrosinase gene which encodes an enzyme capable of oxidizing 
^ 0 tyrosine to DOPA and dopaquinone which in tum condenses to melanin; an a-galactosidase, 

which will tum a chromogenic a-galactose substrate. Included within the terms "selectable or 
screenable marker genes" are also genes which encode a secretable marker whose secretion can 
be detected as a means of identifying or selecting for transformed cells. Examples include 
20 markers which encode a secretable antigen that can be identified by antibody interaction, or even 
secretable enzymes which can be detected catalytically. Secretable proteins fall into a number of 
classes, including small, diffusible proteins detectable, e.g., by ELISA, small active enzymes 
detectable in extracellular solution (e.g., a-amylase, (5-lactamase, phosphinothricin transferase), 
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or proteins which are inserted or trapped in the cell wall (such as proteins which include a leader 
sequence such as that found in the expression unit of extension or tobacco PR-S). Other possible 
selectable and/or screenable marker genes will be apparent to those of skill in the art. 

Technology for introduction of DNA into cells is well known to those of skill in the art. 
Four general methods for delivering a gene into cells have been described: (1) chemical methods^ 
(2) physical methods such as microinjection and bombardment, (3) viral vectors and (4) receptor- 
mediated mechanisms. 

It is also to be understood that two different transgenic plants can also be mated to 
produce offspring that contain two independently segregating added, exogenous genes. 

The present invention also provides for parts of the plants of the present invention. Plant 
parts, without limitation, include seed, endosperm, ovule and pollen. Li a particularly preferred 
embodiment of the present invention, the plant part is a seed. 

Transformation of plant protoplasts can be achieved using methods based on calcium 
phosphate precipitation, polyethylene glycol treatment, electroporation, and combinations of 
these treatments. 

Any of the nucleic acid molecules of the present invention may be introduced into a plant 
cell in a permanent or transient manner in combination with other genetic elements such as 
vectors, promoters enhancers etc. Further any of the nucleic acid molecules encoding an E. 
nidulans protein or fragment thereof or homologs of the present invention may be introduced 
into a plant cell in a manner that allows for over expression of the protein or fragment thereof 
encoded by the nucleic acid molecule. 
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Uses of the Agents of the Present Invention 

Nucleic acid molecules of the present invention may be employed to obtain other E. 
nidulans nucleic acid molecules. Such molecules can be readily obtained by using the above- 
described nucleic acid molecules to screen E, nidulans libraries. 

Nucleic acid molecules and fragments thereof of the present invention may also be 
employed to obtain nucleic acid molecule homologs of non-£'. nidulans species including the 
nucleic acid molecules that encode, in whole or in part, protein homologs of other species or 
other organisms, sequences of genetic elements such as promoters and transcriptional regulatory 
elements. Such molecules can be readily obtained by using the above-described nucleic acid 
molecules to screen cDNA or genomic libraries of non-^'. nidulans species. Methods for forming 
such libraries are well known in the art. Such homolog molecules may differ in their nucleotide 
sequences from those found in one or more of the E, nidulans genes of this invention or 
complements thereof because complete complementarity is not needed for stable hybridization. 
The nucleic acid molecules of the present invention therefore also include molecules that, 
although capable of specifically hybridizing with the nucleic acid molecules may lack "complete 
complementarity." 

The disclosed nucleic acid molecules may be used to define one or more primer pairs that 
can be used with the polymerase chain reaction to amplify and obtain any desired nucleic acid 
molecule or fragment thereof. Such molecules will find particular use in generation of nucleic 
acid arrays, including microarrays, containing portions of or the entire encoding region for the 
identified E, nidulans genes. It is noted that the molecules on such arrays may contain native 
intervening sequences (introns) of the genes and will still find use in microarray based methods 
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such as transcriptional profiling for functional analysis of E. nidulans genes and metabolic 
pathways. Particularly preferred primers are those set forth in table 3. 

The nucleic acid molecules of the present invention may be used for physical mapping. 
Physical mapping, in conjunction with linkage analysis, can enable the isolation of genes. 
Physical mapping has been reported to identify the markers closest in terms of genetic 
recombination to a gene target for cloning. Once a DNA marker is linked to a gene of interest, 
the chromosome walking technique can be used to find the genes via overlapping clones. For 
chromosome walking, random molecular markers or established molecular linkage maps are used 
to conduct a search to localize the gene adjacent to one or more markers. A chromosome walk is 
then initiated from the closest linked marker. Starting from the selected clones, labeled probes 
specific for the ends of the insert DNA are synthesized and used as probes in hybridizations 
against a representative library. Clones hybridizing with one of the probes are picked and serve 
as templates for the synthesis of new probes; by subsequent analysis, contigs are produced. 

The degree of overlap of the hybridizing clones used to produce a contig can be 
determined by comparative restriction analysis. Comparative restriction analysis can be carried 
out in different ways all of which exploit the same principle; two clones of a library are very 
likely to overlap if they contain a Umited number of restriction sites for one or more restriction 
endonucleases located at the same distance from each other. The most frequently used 
procedures are, fingerprinting, restriction fragment mapping or the "landmarking" technique. It is 
understood that the nucleic acid molecules of the present invention may in one embodiment be 
used in physical mapping. In a preferred embodiment, nucleic acid molecules of the present 
invention may in one embodiment be used in the physical mapping of nidulans. 
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Nucleic acid molecules of the present invention can be used in comparative mapping. 
Comparative mapping within families provides a method to assess the degree of sequence 
conservation, gene order, ploidy of species, ancestral relationships and the rates at which 
individual genomes are evolving. Comparative mapping has been carried out by cross- 
hybridizing molecular markers across species within a given family. As in genetic mapping, 
molecular markers are needed but instead of direct hybridization to mapping filters, the markers 
are used to select large insert clones from a total genomic DNA library of a related species. The 
selected clones, each a representative of a single marker, can then be used to physically map the 
region in the target species. The advantage of this method for comparative mapping is that no 
mapping population or linkage map of the target species is needed and the clones may also be 
used in other closely related species. By comparing the results obtained by genetic mapping in 
model organisms, with those from other species, similarities of genomic structure among species 
can be estabUshed. Cross-hybridization of RFLP markers has been reported and conserved gene 
order has been established in many studies. Such macroscopic synteny is utilized for the 
estimation of correspondence of loci among these organisms. It is understood that nuclear acid 
molecules of the present invention may in another embodiment be used in comparative mapping. 
In a preferred embodiment the nucleic acid molecules of present invention may be used in the 
comparative mapping of filamentous fungi. 

In an aspect of the present invention, one or more of the agents of the present invention 
may be used to detecting the presence, absence or level of a organism, preferably a filamentous 
fungus and more preferably an E. nidulans in a sample. In another aspect of the present 
invention, one or more of the nucleic acid molecules of the present invention are used to 
determine the level (/.e., the concentration of mRNA in a sample, etc.) or pattern {Le., the 



30 



04983.0207/38-10(15498)A 

kinetics of expression, rate of decomposition, stability profile, etc) of the expression of a protein 
encoded in part or whole by one or more of the nucleic acid molecule of the present invention 
(collectively, the "Expression Response" of a cell or tissue). As used herein, the Expression 
Response manifested by a cell or tissue is said to be "altered" if it differs from the Expression 
5 Response of cells or tissues of organisms not exhibiting the phenotype. To determine whether a 
Expression Response is altered, the Expression Response manifested by the cell or tissue of the 
organism exhibiting the phenotype is compared with that of a similar cell or tissue sample of a 
organism not exhibiting the phenotype. As will be appreciated, it is not necessary to re- 
determine the Expression Response of the cell or tissue sample of organisms not exhibiting the 
10 phenotype each time such a comparison is made; rather, the Expression Response of a particular 
?^ organism may be compared with previously obtained values of normal organism. As used 
in herein, the phenotype of the organism is any of one or more characteristics of an organism, 
p Nucleic acid molecules of the present invention can be used to monitor expression. A 

Q microarray-based method for high-throughput monitoring of gene expression may be utilized to 

15 measure gene-specific hybridization targets. This *chip'-based approach involves using 
■ S microarrays of nucleic acid molecules as gene-specific hybridization targets to quantitatively 

measure expression of the corresponding genes. Every nucleotide in a large sequence can be 
queried at the same time. Hybridization can be used to efficiently analyze nucleotide sequences. 
Several methods have been described for fabricating microarrays of nucleic acid 
20 molecules and using such microarrays in detecting nucleic acid sequences. For instance, 

microarrays can be fabricated by spotting nucleic acid molecules, e.g, genes, oligonucleotides, 
etc., onto substrates or fabricating oligonucleotide sequences in situ on a substrate. Spotted or 
fabricated nucleic acid molecules can be appUed in a high density matrix pattern of up to about 
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30 non-identical nucleic acid molecules per square centimeter or higher, e.g. up to about 100 or 
even 1000 per square centimeter. Useful substrates for arrays include nylon, glass and silicon. 
See, for instance, US Patents 5,202,231; 5,445,934; 5,525,464; 5,700,637; 5,744,305; 5,800,992, 
the entirety of the disclosures of all of which are incorporated herein by reference. Sequences 
can be efficiently analyzed by hybridization to a large set of oligonucleotides or cDNA 
molecules representing a large portion of a the genes of a genome. An array consisting of 
oligonucleotides or cDNA molecules complementary to subsequences of a target sequence can 
be used to determine the identity of a target sequence, measure its amount, and detect differences 
between the target and a reference sequence. Nucleic acid molecule microarrays may also be 
screened with molecules or fragments thereof to determine nucleic acid molecules that 
specifically bind molecules or fragments thereof 

The microarray approach may also be used with polypeptide targets (U.S. Patent No. 
5^445,934; U.S. Patent No:5, 143,854; U.S. Patent No. 5,079,600; U.S. Patent No. 4,923,901, all 
of which are herein incorporated by reference in their entirety). Essentially, polypeptides are 
synthesized on a substrate (microarray) and these polypeptides can be screened with either 
protein molecules or fragments thereof or nucleic acid molecules in order to screen for either 
protein molecules or fragments thereof or nucleic acid molecules that specifically bind the target 
polypeptides. 

It is understood that one or more of the molecules of the present invention, preferably one 
or more of the nucleic acid molecules or protein molecules or fragments thereof of the present 
invention may be utihzed in a microarray based method. In a preferred embodiment of the 
present invention, one or more of the E. nidulans nucleic acid molecules or protein molecules or 
fragments thereof of the present invention may be utilized in a microarray based method. A 
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particular preferred microarray embodiment of the present invention is a microarray comprising 
nucleic acid molecules encoding genes or fragments thereof that are homologs of known genes or 
nucleic acid molecules that comprise genes or fragments thereof that elicit only hmited or no 
matches to known genes. A ftirther preferred microarray embodiment of the present invention is 
a microarray comprising nucleic acid molecules having genes or fragments thereof that are 
homologs of known genes and nucleic acid molecules that comprise genes or fragment thereof 
that ehcit only limited or no matches to known genes. 

In a preferred embodiment, the microarray of the present invention comprises at least 10 
nucleic acid molecules that specifically hybridize under high stringency to at least 10 nucleic 
acid molecules encoding E. nidulans protein or fragments. In a more preferred embodiment, the 
microarray of the present invention comprises at least 100 nucleic acid molecules that 
specifically hybridize under high stringency to at least 100 nucleic acid molecules that encode an 
E, nidulans protein or fragment thereof In an even more preferred embodiment, the microarray 
of the present invention comprises at least 1,000 nucleic acid molecules that specifically 
hybridize under high stringency to at least 1,000 nucleic acid molecules that encode an E, 
nidulans protein or fragment thereof In a further even more preferred embodiment, the 
microarray of the present invention comprises at least 2,500 nucleic acid molecules that 
specifically hybridize under high stringency to at least 2,500 nucleic acid molecules that encode 
an E. nidulans protein or fragment thereof While it is understood that a single nucleic acid 
molecule may encode more than one protein or fragment thereof, in a preferred embodiment, at 
least 50%, preferably at least 70%, more preferably at least 80%, even more preferably at least 
90% of the nucleic acid molecules that comprise the microarray encode one protein homolog or 



33 



04983.0207/38-10(15498)A 

fragment thereof. It is, of coxirse, understood that these nucleic acid molecules can be non- 
identical. 

In a preferred embodiment, the microarray of the present invention comprises at least 10 
nucleic acid molecules that specifically hybridize xmder high stringency to at least 10 ENUs 
selected from the group having SEQ ID NO: 16207 through SEQ ID NO: 28905 or fragment 
thereof or complement of either. In a more preferred embodiment, the microarray of the present 
invention comprises at least 100 nucleic acid molecules that specifically hybridize under high 
stringency to at least 100 ENUs selected from the group having SEQ ID NO: 16207 through 
SEQ ID NO: 28905 or fragment thereof or complement of either. In an even more preferred 
embodiment, the microarray of the present invention comprises at least 1,000 nucleic acid 
molecules that specifically hybridize under high stringency to at least 1,000 ENUs selected from 
the group having SEQ ID NO: 16207 through SEQ ID NO: 28905 or fragment thereof or 
complement of either.. In a further even more preferred embodiment, the microarray of the 
present invention comprises at least 2,500 nucleic acid molecules that specifically hybridize 
under high stringency to at least 2,500 ENUs selected from the group having SEQ ID NO: 16207 
through SEQ ID NO: 28905 or fragment thereof or complement of either. While it is understood 
that a single nucleic acid molecule may encode more than one protein homolog or fragment 
thereof, in a preferred embodiment, at least 50%, preferably at least 70%, more preferably at least 
80%, even more preferably at least 90% of the nucleic acid molecules that comprise the 
microarray encode one protein or fragment thereof 

Nucleic acid molecules of the present invention may be used in site directed mutagenesis. 
Site-directed mutagenesis may be utiUzed to modify nucleic acid sequences, particularly as it is a 
technique that allows one or more of the amino acids encoded by a nucleic acid molecule to be 
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altered (e.g. a threonine to be replaced by a methionine). Three basic methods for site-directed 
mutagenesis are often employed, Le, (a) cassette mutagenesis, (b) primer extension and (c) 
methods based on PGR. See also US Patent 5,880,275, US Patent 5,380,831, and US Patent 
5,625,136, the entirety of all of which is incorporated herein by reference. 

Any of the nucleic acid molecules of the present invention may either be modified by 
site-directed mutagenesis or used as, for example, nucleic acid molecules that are used to target 
other nucleic acid molecules for modification. It is understood that mutants with more than one 
altered nucleotide can be constructed using techniques that practitioners skilled in the art are 
famiUar with such as isolating restriction fragments and ligating such fragments into an 
expression vector. 

Preferred aspects of this invention comprise collections of genes, nucleic acid molecules, 
polypeptides and/or primers of this invention ranging in size from about 10 non-identical 
members or more, e.g, at least about 100 or 270 or higher, more preferably at least about 300 or 
350, most preferably at least 500 or higher, up to about 1000, or 2000 or even higher, say about 
5000, or more non-identical members. As used herein a non-identical member is a member that 
differs in nucleic acid or amino acid sequence. For example, a non-identical nucleic acid 
molecule is a nucleic acid molecule that differs in nucleic acid sequence from the nucleic acid 
molecule to which it is being compared to. For example a nucleic acid molecule having the 
sequence 5' CCC 3' is not identical - i.e, non-identical - to a nucleic acid molecule having the 
sequence 5' CCG 3'. In one aspect a collection may comprise all of the genes, nucleic acid 
molecules, polypeptides and/or primers of this invention. Such collections can be located or 
organized in a variety of forms, e.g. on microarrays, in solutions, in bacterial clone libraries, etc. 
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As used herein, an "organized" collection is a collection where the nucleic acid or amino acid 
sequence of a member of such a collection can be determined based on its physical location. 

Preferred collections of nucleic acid molecules can be selected from the following 
groups: SEQ ID NO: 16207 through SEQ ID NO: 27905 or complements thereof; SEQ ID NO: 

5 16207 through SEQ ID NO: 26804 or complements thereof; SEQ ID NO: 26000 through SEQ ID 
NO: 26804 or complements thereof; SEQ ID NO: 16207 through SEQ ID NO: 25999 or 
complements thereof; SEQ ID NO: 24035 through SEQ ID NO: 25999 or complements thereof; 
SEQ ID NO: 16207 through SEQ ID NO: 24034 or complements thereof; SEQ ID NO: 
22710through SEQ ID NO: 24034 or complements thereof; SEQ ID NO: 16207 through SEQ ID 

10 NO: 22709 or complements thereof; SEQ ID NO: 17681 through SEQ ID NO: 22709 or 

complements thereof; SEQ ID NO: 16207 through SEQ ID NO: 17680 or complements thereof; 
SEQ ID NO: 17618 through SEQ ID NO: 17680 or complements thereof; SEQ ID NO: 16207 
through SEQ ID NO: 17617 or complements thereof; SEQ ID NO: 17295 through SEQ ID NO: 
17617 or complements thereof; SEQ ID NO: 16207 through SEQ ID NO: 17294 or complements 

15 thereof; SEQ ID NO: 28166 through SEQ ID NO: 44345 or complements thereof. Other 

preferred nucleic acid collections include any of the above groups but where such groups also 
include fragments of such sequences. 

It is understood that all these preferred collections may also range in size from about 10 
or more, e.g. at least about 100 or 270 or higher, more preferably at least about 300 or 350, most 

20 preferably at least 500 or higher, up to about 1 000, or 2000 or even higher, say about 5000, or 
more non-identical members. 
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Another aspect of this invention provides the genes, nucleic acid molecules, polypeptides 
and/or primers in a substantially pure form. For instance, by use of the primers of this invention, 
any of the ENUs can be produced in substantially pure form by PGR. 

Another aspect of this invention is to provide methods for determining gene expression, 
e.g. identifying homologous genes expressed by non-E. nidulans organism. Such methods 
comprise collecting mRNA jfrom tissue of such organism, using the mRNA as a template for 
producing a quantity of labeled nucleic acid, and contacting the labeled nucleic acid molecule 
with a collection of purified nucleic acid molecules, e,g. on a microarray. 

Computer Media 

One or more of the nucleotide sequence provided in SEQ ID NO: 1, through SEQ ID NO: 
44345 or complements or fragments of either can be "provided" in a variety of media to facilitate 
use. Such a medium can also provide a subset thereof in a form that allows a skilled artisan to 
examine the sequences. In one appUcation of this embodiment, a nucleotide sequence of the 
present invention can be recorded on computer readable media. As used herein, "computer 
readable media" refers to any medium that can be read and accessed directly by a computer. 
Such media include, but are not limited to: magnetic storage media, such as floppy discs, hard 
disc, storage medium, and magnetic tape: optical storage media such as CD-ROM; electrical 
storage media such as RAM and ROM; optical scanner readable medium such as printed paper; 
aad hybrids of these categories such as magnetic/optical storage media. A skilled artisan can 
readily appreciate how any of the presently known computer readable mediums can be used to 
create a manufacture comprising computer readable medium having recorded thereon a 
nucleotide sequence of the present invention. 
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As used herein, "recorded" refers to a process for storing information on computer 
readable medium. A skilled artisan can readily adopt any of the presently known methods for 
recording information on computer readable medium to generate media comprising the 
nucleotide sequence information of the present invention. In addition, a variety of data processor 
programs and formats can be used to store the nucleotide sequence information of the present 
invention on computer readable medium. The sequence information can be represented in a 
word processing text file, or represented in the form of an ASCII file, stored in a database 
application, such as DB2, Sybase, Oracle, or the like. A skilled artisan can readily adapt any 
number of data processor structuring formats (e.g. text file or database) in order to obtain 
computer readable medium having recorded thereon the nucleotide sequence information of the 
present invention. 

By providing one or more of nucleotide sequences of the present invention, a skilled 
artisan can routinely access the sequence information for a variety of purposes. Computer 
software is publicly available which allows a skilled artisan to access sequence information 
provided in a computer readable medium. The examples which follow demonstrate how 
software which implements the BLAST and/or BLAZE search algorithms on a Sybase system 
can be used to identify open reading fi-ames (ORFs) within the genome that contain homology to 
ORFs or proteins from other organisms. Such ORFs are protein-encoding fragments within the 
sequences of the present invention and are usefiil in producing commercially important proteins 
such as enzymes used in amino acid biosynthesis, metabohsm, transcription, translation, RNA 
processing, nucleic acid and a protein degradation, protein modification, and DNA rephcation, 
restriction, modification, recombination, and repair. 
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The present invention further provides systems, particularly computer-based systems, 
which contain the sequence information described herein. Such systems are designed to identify 
commercially important fragments of the nucleic acid molecule of the present invention. As 
used herein, "a computer-based system" refers to the hardware means, software means, and data 

5 storage means used to analyze the nucleotide sequence information of the present invention. The 
minimum hardware means of the computer-based systems of the present invention comprises a 
central processing unit (CPU), input means, output means, and data storage means. A skilled 
artisan can readily appreciate that any one of the currently available computer-based system are 
suitable for use in the present invention. 

10 As indicated above, the computer-based systems of the present invention comprise a data 

storage means having stored therein a nucleotide sequence of the present invention and the 
necessary hardware means and software means for supporting and implementing a search means. 
As used herein, "data storage means'' refers to memory that can store nucleotide sequence 
information of the present invention, or a memory access means which can access manufactures 

1 5 having recorded thereon the nucleotide sequence information of the present invention. As used 
herein, "search means" refers to one or more programs which are implemented on the computer- 
based system to compare a target sequence or target structural motif with the sequence 
information stored within the data storage means. Search means are used to identify fragments 
or regions of the sequence of the present invention that match a particular target sequence or 

20 target motif A variety of known algorithms are disclosed pubUcly and a variety of commercially 
available software for conducting search means are available can be used in the computer-based 
systems of the present invention. Examples of such software include, but are not limited to, 
MacPattem (EMBL), BLASTIN and BLASTIX (NCBIA). One of the available algorithms or 
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implementing software packages for conducting homology searches can be adapted for use in the 
present computer-based systems. 

The most preferred sequence length of a target sequence is from about 30 to 300 
nucleotide residues or from about 10 to 100 of the corresponding amino acids. However, it is 
well recognized that during searches for commercially important fragments of the nucleic acid 
molecules of the present invention, such as sequence fragments involved in gene expression and 
protein processing, may be of shorter length. 

As used herein, "a target structural motif," or "target motif," refers to any rationally 
selected sequence or combination of sequences in which the sequences the sequence(s) are 
chosen based on a three-dimensional configuration which is formed upon the folding of the target 
motif There are a variety of target motifs known in the art. Protein target motifs include, but are 
not limited to, enzymatic active sites and signal sequences. Nucleic acid target motifs include, 
but are not limited to, promoter sequences, cis elements, hairpin structures and inducible 
expression elements (protein binding sequences). 

Thus, the present invention further provides an input means for receiving a target 
sequence, a data storage means for storing the target sequences of the present invention sequence 
identified using a search means as described above, and an output means for outputting the 
identified homologous sequences. A variety of structural formats for the input and output means 
can be used to input and output information in the computer-based systems of the present 
invention. A preferred format for an output means ranks fragments of the sequence of the 
present invention by varying degrees of homology to the target sequence or target motif. Such 
presentation provides a skilled artisan with a ranking of sequences which contain various 
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amounts of the target sequence or target motif and identifies the degree of homology contained in 

the identified firagment. 

Having now generally described the invention, the same will be more readily understood 
through reference to the following examples which are provided by way of illustration, and are 
5 not intended to be limiting of the present invention, unless specified. 

Example 1 

This example serves to illustrate the generation of the 16206 nucleic acid sequences Hsted 
in Table 1 as as contigs having SEQ ID NO: 1 through SEQ ID NO: 16206. About 390,000 
genomic nucleotide sequence traces are derived from 1 1 different M13 and double stranded 

10 libraries. The two basic methods for the DNA sequencing are the chain termination method of 
Sanger et al, Proc. Natl Acad. Sci. (U.S.A.) 7^.-5463-5467 (1977) and the chemical degradation 
method of Maxam and Gilbert, Proc. Natl. Acad. Sci. (U.S.A.) 74:560-564 (1977) using 
automated fluorescence-based sequencing as reported by Craxton, Method, 2:10-16 (1991); Ju et 
al, Proc. Natl Acad. Sci. (U.S.A.) 92.-4347-4351 (1995); and Tabor and Richardson, Proc. Natl 

1 5 Acad Set (U.S.A.) P2;6339-6343 (1995) and high speed capillary gel electrophoresis, e.g. as 
disclosed by Swerdlow and Gesteland, Nucleic Acids Res. 75:1415-1419 (1990); Smith, Nature 
5^P:812-813 (1991); Luckey et al. Methods Enzymol 218:\5A-\11 (1993); Lu et al, J. 
Chromatog. A. 550:497-501 (1994); Carson et al,Anal Chem. 55:3219-3226 (1993); Huang et 
al,Anal Chem. 64:1149-1154 (1992); Kheterpal et al, Electrophoresis i7:1852-1859 (1996); 

20 Quesada and Zhang, Electrophoresis 77:1841-1851 (1996); Baba, Yakugaku Zasshi 11 7:265-281 
(1997). For instance, genomic nucleotide sequence traces are generated using a 377 DNA 
Sequencer (Perkin-Elmer Corp., Apphed Biosystems Div., Foster City, CA) allowing for rapid 
electrophoresis and data collection. With these types of automated systems, fluorescent dye- 
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labeled sequence reaction products are detected and chromatograms are subsequently viewed, 
stored in computer and analyzed using corresponding apparatus-related software programs. 
These methods are known to those of skill in the art and have been described and reviewed 
(Birren et al. Genome Analysis: Analyzing DNA,\, Cold Spring Harbor, New York. 

Over 390,000 quality genomic sequence traces are assembled generally as follows: 

(a) all traces are quaUty clipped using yc_qual_clip.pl (with a minimum PHRED 
score of 12.5 and maximum length of 50 bp); 

(b) all traces are segregated according to library construction method; 

(c) all traces are "vector-trimmed' 5' and 3' vector and linker sequences are 
removed; 

(d) all traces are re-united in one file; 

(e) all traces are then clustered with PANGEA' s clustering tool (available from 
Pangea Corp., Pittsburgh, PA). A cluster includes 2 or more traces of sequences with 
90% similarity over 60 bp. After clustering the set of traces includes clusters and 
non-clustered traces referred to as "singletons". 

(f) A high stringency PHRAP assembly is run on each cluster to separate from 
clusters singlet traces which do not meet stringency criteria. The arguments to high 
stringency PHRAP are: minmatch 25 , minscore 50, penalty -4 ; 

(g) Contigs and the singleton (including singlet) traces and their corresponding 
quality files are united; and, then are assembled with a low stringency PHRAP (using 
default PHRAP arguments) to generate a "final" assembly; and 

(h) the final set of 16,144 nucleic acid sequences (identified in Table 1 by contig 
identification number "ANI61xxxx" and by the corresponding SEQ ID NO: 1 through 
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SEQ ID NO: 16144) and 52 nucleic acid sequences (identified in Table 1 by contig 
identification number "ANISOxxxx" and by corresponding SEQ ID NO: 16145 
through SEQ ID NO: 16206) are run through the annotation and gene selection 
processes. Contigs in SEQ ID N0:1 through SEQ ID NO:16144 are recognized as 
5 those sequences whose designations begin with ANI61C or AM50C. Singleton 

sequences are recognized as those having designations which begin with ANI61S or 
ANI50S. 

The genomic sequence traces and many of the contigs and singleton traces are disclosed in 
copending provisional applications for patent identified by serial nos. 60/ 101,665; 60/101,666; 

ii 10 60/102,358; 60/113,361; 60/126,265; 60/130,189; 60/130,190; 60/132,861; 60/138,103; 

rH 60/149,882. 

m Example 2 

i;3 This example illustrates the identification of ENUs within 1 6206 contigs assembled in 

C= Example 1 . The genes and partial genes embedded in such contigs are identified through a 

5^ 15 series of infbrmatic analyses. The tools to define genes fall into two categories: homology-based 

% and predictive-based methods. Homology-based searches {e.g., GAP2, NAP, BLASTX and 

TBLASTX) detect conserved sequences during comparisons of DNA sequences or 
hypothetically translated protein sequences to public and/or proprietary DNA and protein 
databases. Existence of a J5. nidulans gene is inferred if significant sequence similarity extends 
20 over the majority of the target gene. Since homology-based methods may overlook genes unique 
to E. nidulans, for which homologous nucleic acid molecules have not yet been identified in 
databases, gene prediction programs are also used. Predictive methods employed in the 
definition of the E, nidulans genes included the use of the GenScan gene predictive software 
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program which is available from Stanford University {e.g. at the web site 
http://gnomic/stanford.edu/GENSCANW.htmn . GenScan, in general terms, infers the presence 
and extent of a gene through a search for "gene-like" grammar. 

The homology-based methods used to define the E. nidulans gene set included GAP2, 
5 BL ASTX supplemented by NAP, and TBLASTX. For a description of BLASTX and 

TBLASTX^ee Coulson, Trends in Biotechnology 12:76-80 (1994) and Birren et al., Genome 
Analysis, 1 :543-559 (1997). GAP2 and NAP are part of the Analyis and Annotation Tool (AAT) 
for Finding Genes in Genomic Sequences which was developed by Xiaoqiu Huang at Michigan 
Tech University and is available at the web site http://genome.cs.mtu.edu/ . The AAT package 
' 10 includes two sets of programs, one set (DPS/NAP) for comparing the query sequence with a 
?i protein database, and the other set (DDS/GAP2) for comparing the query sequence with a cDNA 

f S database. Each set contains a fast database search program and a rigorous alignment program. 

C3 The database search program quickly identifies regions of the query sequence that are similar to a 

D database sequence. Then the alignment program constructs an optimal alignment for each region 

R 15 and the database sequence. The aUgnment program also reports the coordinates of exons in the 
% query sequence. See Huang, et al, Genomics 46: 37-45 (1997). 

The GAP2 program computes an optimal global alignment of a genomic sequence and a 
cDNA sequence without penahzing terminal gaps. A long gap in the cDNA sequence is given a 
constant penalty. The DNA-DNA aUgnment by GAP2 adjusts penalties to accommodate introns. 
20 The GAP2 program makes use of splice site consensuses in alignment computation. GAP2 

delivers the aUgnment in Unear space, so long sequences can be aUgned. See Huang, Computer 
Applications in the Biosciences 10111-235 (1994). The GAP2 program aUgned the E. nidulans 
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contigs with the A. nidulans/E. nidulans EST Hbrary in the microorganism databank maintained 
by Bruce Roe's laboratory at the University of Oklahoma. 

The NAP program computes a global aligmnent of a DNA sequence and a protein 
sequence without penalizing terminal gaps. NAP handles frameshifts and long introns in the 
5 DNA sequence. The program dehvers the aUgmnent in linear space, so long sequences can be 
ahgned. It makes use of splice site consensuses in ahgnment computation. Both strands of the 
DNA sequence are compared with the protein sequence and one of the two alignments with the 
larger score is reported. See Huang, and Zhang, "Computer Applications in the Biosciences 
12(6), 497-506 (1996). 

10 NAP takes a nucleotide sequence, translates it in three forward reading frames and three 

reverse complement reading frames, and then compares the six franslations against a protein 
sequence database (e.g. the non-redundant protein (i.e., nr-aa) database maintained by the 
National Center for Biotechnology Information as part of GenBank and available at the web site: 
http://www.ncbi .nlm.nih.govV TBLASTX compared six possible frame translations of the E. 

1 5 nidulans contigs against six frame translations of Aspergillus fumigatus, Fusarium 
gramineareum, Saccharomyces cerevisiae, and Candida albicans genomic sequences. 

The first homology-based search for genes in the E. nidulans contigs is effected using the 
GAP2 program and the University of Oklahoma^. nidulans/E. nidulans EST database. A 
collection of about 14000 A. nidulans/E. nidulans EST sequences from the database with known 

20 5 ' and 3 ' orientations and mate information are clustered into about 3500 distinct sets or 

"clusters". These clusters are then mapped onto an assembly of E nidulans contigs represented 
by SEQ ID NO. 1 through SEQ ID NO. 16206 using the GAP2 program. GAP2 standards for 
selecting a DNA-DNA match were > 96% sequence identity with the following parameters: 
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gap extension penalty = 1 

match score = 2 

gap open penalty = 6 

gap length for constant penalty = 20 

mismatch penalty = -2 

minimum exon length = 21 

DNA matches with ESTs fell into three categories. Firstly, ENUs are identified when a 
5'-3' EST pair aligned to the sequences on the same contig. Since EST's are necessarily derived 
from genes, no corroborating evidence is required to validate the gene prediction. Certain ENUs 
are identified by 5 '-3' EST pair match on a single contig. These EMJs are identified by "EST" 
in the selection basis column of Table 2 and include SEQ ID NO. 16207 through SEQ ID NO. 
17294. 

Another group of ENUs identified by DNA match with EST's is selected because of 
alignment of a 5 '-3' EST pair which spanned two contigs supported by BLASTX similarity or 
clonemate information. These ENUs are identified by "MCEST" in the selection basis column 
of Table 2 and include SEQ ID NO. 17618 through SEQ ID NO. 17680. 

Another group of ENUs identified by DNA match with EST's is selected solely from a 3' 
EST match of at least 300 bp using EST's which are not previously ahgned. These ENUs are 
identified by "TPEST" in the selection basis column of Table 2 and include SEQ ID NO. 17295 

through SEQ IS NO. 17617. 

The second homology-based method used for gene discovery is BLASTX hits extended 
with the NAP software package. BLASTX is run with the E. nidulans contigs represented by 
SEQ ID NO. 1 through SEQ ID NO. 16206 as queries against the GenBank non-redundant 
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protein data library identified as "nr-aa". NAP is used to better align the amino acid sequences 
as compared to the genomic sequence. NAP extends the match in regions where BLASTX has 
identified high-scoring-pairs (HSPs), predicts introns, and then links the exons into a single ORF 
prediction. Experience suggests that NAP tends to mis-predict the first exon. E. nidulans introns 

5 are almost without exception short (<1 50 bp), and NAP routinely predicts very long (>400 bp) 
introns leading to a very short, and biologically umneaningful, 5' exon. The NAP-predicted 
ORFs containing long introns (>175 bp) are first segregated and truncated ( the long intron and 
the nonsense 5' exon removed) and the remaining portion of the ORF estabhshed as a gene. 
Selection in a first pass is for sequences with (a) <600 bp fi-om the 3 'end with >50% coverage, 

10 (b) <600 bp fi-om the 3' end with > 300 bp coverage and (c) >1000 bp fi-om the 3' end with 500 
bp coverage. Selection in a second pass is for sequences with (a) <300 bp from the 3' end with 
,500 bp coverage and >80% coverage or (b) <300 bp from the 3' end and > 500 bp coverage. 
The NAP parameters are: 

gap extension penalty = 1 

1 5 gap open penalty =15 

gap length for constant penalty = 25 
min exon length (in aa) = 7 

The ENUs identified by NAP with (a) >300 bp and >10% homology or (b) >175 bp and > 
20 50% coverage are identified by "NAP" in the selection basis column of Table 2 and include SEQ 
ID NO. 17681 through SEQ ID NO. 22709. 

For NAP alignments with large introns GenScan are used to locate the terminal exon and 
extend the 5' end of the terminal exon. When there is no GenScan indication of a terminal exon, 
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the gene is identified using the longest exon cluster without a large intron. The ENUs identified 
fi-om large intron alignments are identified by "LINAP" in the selection basis column of Table 2 
and include SEQ ID NO. 22710 through SEQ ID NO. 24034. 

In the final homology-based method, TBLASTX, is used with genome mformation fi-om 

5 three fungal genome sequencing projects: Aspergillus fumigatus, Fusarium gramineareum, 
Saccharomyces cerevisiae and Candida albicans. As a general rule, non-coding regions of 
DNA accumulate mutations much more rapidly than coding regions. With this knowledge, we 
use TBLASTX, which compares hypothetical translations, to identify regions of DNA that code 
for highly similar amino acid strings in both E. nidulans and the four other fungal genomes. As 

10 with EST matches, the TBLASTX hits fall into three categories of defined genes: matches that 
fall within an E. nidulans contig, matches that convincingly bridge contigs, and long matches 
that contain sufficient portions of a gene for use in transcriptional profiling. Unlike GAP2 and 
BLASTX/NAP analyses, we have comparatively httle experience in interpreting TBLASTX 
scores as a tool for defining the unigene set. For this reason, conservative standards for inclusion 

1 5 of TBLASTX hits into the gene set are utihzed. These standards are a minimal E value of lE-20, 
and for terminal exons, a minimal match of 200 bp within the 1000 most 5' and 3' ends of an E. 
nidulans contig. In addition to these criteria, in part due to conflicting data firom TBLASTX 
analyses (where different TBLASTX matches will suggest two or more mutually exclusive 
possibiUties) and to concerns that repeat regions may be sufficiently similar to confound the 

20 method, TBLASTX predicted genes bridging two contigs are included when corroborating 

evidence in the form of GenScan predictions and/or clone mate evidence from double stranded 
clones is available. 
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The GenScan program is "trained" with E. nidulans characteristics. Though better than 
the "off-the-shelf version, the GenScan trained to identify E. nidulans genes proved more 
proficient at predicting exons than predicting full-length genes. Predicting full-length genes is 
compromised by point mutations in the unfinished contigs, as well as by the short length of the 
5 contigs relative to the typical length of a gene. Due to the errors found in the full-length gene 
predictions by GenScan, inclusion of GenScan-predicted genes is limited to those genes and 
exons whose probabilities are above a conservative probability threshold. When used with 
TBLASTX the GenScan parameters are: 
mean GenScan P value > 0.3 
% 10 mean GenScan T value > 0 

r4 mean GenScan Coding score > 50 

m length > 200 bp 

i3 minimum TBLASTX E vahie < 1 E-20 

5 Significant TBLASTX hits to single contigs that are greater than 300 bp contributed 805 

vti 15 genes to the unigene set. ThehighE vahie threshold lunited the vast majority (99%) of the 
i S TBLASTX hits to the fungal genome comparisons. The TBLASTX hits with GenScan 

corroboration identified 1965 ENUs identified by "GTBX" in the selection basis column of 
Table 2 and include SEQ ID NO. 24035 through SEQ ID NO. 25999. 

To identify ENUs solely by TBLASTX, the TBASTX E values is set at lE-30 with a 
20 length of > 200 bp. The ENU's identified solely by TBLASTX are identified by "TBX" in the 
selection basis column of Table 2 and include SEQ ID NO. 26000 through SEQ ID NO. 26804. 

A final set of genes is predicted using the GenScan program "trained" with E. nidulans 
characteristics and the mean GenScan P value parameters changed to > 0.4. The ENUs identified 
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solely by GenScan are identified by "GSP" in the selection basis column of Table 2 and include 
SEQ ID NO. 26805 through SEQ ID NO. 27905. 

To insure that the same nucleic acid molecule is not inferred two or more times with 
different methods, an all-versus-all BLASTN analysis of the all the identified ENUs is 
conducted. There are mstances where sequencing and assembly errors will confound the 
identification of dupUcates, but such instances are comparatively rare. 

The confidence in accuracy of the identified ENUs is highest for those identified by a 
match of a 5 '-3' EST to a single contig (identified by EST) and lowest for those identified solely 
the GenScan predictive algorithm (identified by GSP). The order of confidence for the ENUs is 
in the following order: 

Selection Basis Confidence 

EST highest 

TPEST 

MCEST 

NAP 

LINAP 

GTBX 

TBX 

GSP lowest 

In Table 2 the ENUs of this invention are identified in the sequence identification (seq. id.) 
colunm the name ENU (Emericella nidulans unigene) and begins with ENUOOOOl for SEQ ID 
NO. 16207. 

Other modifications of the above described embodiments of the invention which are 
obvious to those of skill in the area of molecular biology and related disciplines are intended to 
be within the scope of the following claims. 
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Example 3 

This example serves to illustrate the design of primers of this invention which are useful, 
for instance, for initiating synthesis of nucleic acid molecules of this invention, specifically 
substantial parts of certain ENU's of this invention. The primers specifically disclosed herein, 
i.e. in Table 3 by SEQ ID NO. 28166 through SEQ ID NO. 44345, are designed with the 
program Primer3 (obtained from the MIT-Whitehead Genome Center) with a "perl-oracle" 
wrapper. The criteria applied to design a primer included: 

Primer annealing temperature (minimum 65°C, optimum 70°C, maximum 75 °C ) 

Primer length (minimum 18bp, optimum 20bp, maximum 28 bp) 

G+C content (minimum 20%, maximum 80%) 

Position of the primer relative to the gene 

Length of the ampUfied region (500 to 800 bp) 

PHRED quaUty score of the gene template (minimum of 20) 

Whether the gene was defined from one or two contigs 

Maximum mismatch = 12.0 (weighted score from Primer3 program) 

Pair Max Misprime = 24.0 (weighted score from Primer3 program) 

Maximum N's = 0 

Maximum poly-X = 5 

The primary goal of the design process is the creation of groups of primer pairs with a 
common annealing temperature (TJ. When the program could identify a primer pair for any 
gene that fit the criteria, the gene is removed from the bin of genes needing primer design. 
Genes remaining in the bin are subjected to additional rounds of primer-picking, with the gradual 
and simultaneous relaxation of the criteria (i.e., lowering the annealing temperature, increasing 
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the size of the window where primers could be predicted, expanding the range of permitted size 
and G+C content, removing the need for a G/C clamp), until primers are picked for about 8,000 
of the about 12,000 ENUs of this invention. After the E. nidulans specific portion of the primers 
is selected, an additional common primer tail sequence (universal primer) is added to the 5' ends. 
For the forward primers, the additional common bases added are: 

(5'-GAATTCACTGCGGCCGCCATG-3'); for the reverse primers the additional common 
bases added are: (5'-GTTCTCGAGACGAGCGATCGC-3'). The universal primer tail 
sequences are added so that subsequent reamplifications of any primer pair can be done with a 
single set of primers. In addition, the primer tail sequences contain restriction digestion sites for 
8 bp cutters (NotI and Sgfl) and 6 bp cutters (EcoRI and Xhol) to facilitate cloning of ENUs into 
vectors. The forward primers contains EcoRI and NotI restriction sites; the reverse primers 
contains Xhol and Sgfl restriction sites. 

Reference is also made to Tables 2 and 3 for identification of the primers and reference to 
the ENU for which they are designed. The primer pair for a particular ENU is identified in Table 
2 by indication of the complementary or identical nucleotides in the particular ENU under the 
columns "Primer 5 pos" and "Primer 3 pos". The primer sequence numbers in Table 3 
correspond to an ENU identified in the "Seq id" column. For example, the primer pair 
ENUOOOOlpS and ENU00001p3 represent the sequences for the 5' and 3' primer, respectively 
for ENUOOOOl . The primer sequences provided in the sequence Usting all contain the universal 
tail sequence described above as the first 21 nucleotides. It is noted that primer pairs are not 
required to contain the universal tail sequence, the relevant portion for amphfication and/or 
hybridization probes being tiie E. nidulans specific sequences designated in the "Primer 5 pos" 
and "Primer 3 pos" columns in Table 2. 
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Table 1 



Seqnum 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46. 

47 

48 

49 

50 

51 

52 

53 



Contigid 

ANI61C99 

ANI61C100 

ANI61C101 

ANI61S41 

ANI61C102 

ANI61C104 

ANI61C107 

ANI61C108 

ANI61C110 

ANI61S1595 

ANI61S1596 

ANI61S1597 

ANI61C3499 

ANI61C3500 

ANI61S1599 

ANI61C3502 

ANI61S1603 

ANI61C3504 

ANI61S1606 

ANI61C3511 

ANI61C3512 

ANI61C3513 

ANI61C3514 

ANI61C3515 

ANI61C3516 

ANI61S1613 

ANI61C3518 

ANI61S1615 

ANI61C3521 

ANI61C3534 

ANI61C3535 

ANI61C3537 

ANI61C3539 

ANI61S1620 

ANI61S1621 

ANI61C3543 

ANI61C3546 

ANI61S1624 

A1SII61C3549 

ANI61S1635 

ANI61C3559 

ANI61C3561 

ANI61C3563 

ANI61C3565 

ANI61C3567 

ANI61S1636 

ANI61C3572 

ANI61S1637 

ANI61S1639 

ANI61S1647 

ANI61S1648 

ANI61S1649 

ANI61S1650 
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54 


ANI61S1651 


55 


ANI6iS1652 


56 


ANI61S1653 


57 


ANI61S1654 


58 


ANI61S1655 


59 


ANI61C3599 


60 


ANI61C3622 


61 


ANI61C3624 


62 


ANI61C3627 


63 


ANI61C3630 


64 


ANI61C3633 


65 


ANI61C3636 


66 


ANI61C3640 


67 


ANI61C3644 


68 


ANI61C3648 


69 


ANI61C3652 


70 


ANI61C3677 


71 


ANI61C3679 


72 


ANI61C3682 


73 


ANI61C3685 


74 


ANI61C3688 


75 


ANI61C3691 


76 


ANI61C3695 


77 


ANI61C3699 


78 


ANI61C3703 


79 


ANI61C3706 


80 


ANI61C3726 


81 


ANI61C3728 


82 


ANI61C3731 


83 


ANI61S1678 


84 


ANI61S1679 


85 


ANI61C3738 


86 


ANI61C3742 


87 


ANI61C3746 


88 


ANI61C3750 


89 


ANI61S1680 


90 


ANI61S1691 


91 


ANI61S1692 


92 


ANI61C3789 


93 


ANI61C3793 


94 


ANI61S1693 


95 


ANI61S1694 


96 


ANI61S1696 


97 


ANI61C3806 


98 


ANI61S1698 


99 


ANI61C3815 


100 


ANI6iS4139 


101 


ANI61C10064 


102 


ANI61C10066 


103 


ANI61C10067 


104 


ANI61C10068 


105 


ANI61C10069 


106 


ANI61C10070 


107 


ANI61C10071 


108 


ANI61C10072 


109 


ANI61C10073 
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110 


ANI61C10084 


111 


ANI61C10086 


112 


ANI61C10088 


113 


ANI61C10089 


114 


ANI61C10090 


115 


ANI61C10091 


116 


ANI61C10092 


117 


ANI61C10093 


118 


ANI61C10094 


119 


ANI61S4148 


120 


ANI61S4153 


121 


ANI61S4154 


122 


ANI61S4155 


123 


ANI61C10111 


124 


ANI61S4156 


125 


ANI61C10112 


126 


ANI61C10113 


127 


ANI61C10114 


128 


ANI61C10115 


129 


ANI61C10116 


130 


ANI61C10123 


131 


ANI61C10124 


132 


ANI61C10125 


133 


ANI61C10126 


134 


ANI61C10127 


135 


ANI61S4161 


136 


ANI61C10128 


137 


ANI61S4162 


138 


ANI61C10129 


139 


ANI61C10130 


140 


ANI61C10134 


141 


ANI61S4170 


142 


ANI61C10135 


143 


ANI61C10136 


144 


ANI61C10137 


145 


ANI61C10138 


146 


ANI61S4171 


147 


ANI61C10139 


148 


ANI61C10140 


149 


ANI61S4172 


150 


ANI61C10146 


151 


ANI61C10147 


152 


ANI61C10148 


153 


ANI61C10149 


154 


ANI61C10150 


155 


ANI61C10151 


156 


ANI61C10152 


157 


ANI61C10153 


158 


ANI61S4178 


159 


ANI61S4179 


160 


ANI61S4181 


161 


ANI61C10154 


162 


ANI61C10156 


163 


ANI61S4184 


164 


ANI61C10158 


165 


ANI61C10160 
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166 


ANI61S4185 


167 


ANI61C10163 


168 


ANI61C10164 


169 


ANI61C10165 


170 


ANI61C10166 


171 


ANI61C10168 


172 


ANI61C10169 


173 


ANI61C10170 


174 


ANI61C10171 


175 


ANI61C10172 


176 


ANI61C10174 


177 


ANI61C10175 


178 


ANI61C10176 


179 


ANI61C10177 


180 


ANI61C10178 


181 


ANI61C10180 


182 


ANI61C10182 


183 


ANI61C10184 


184 


ANI61C10185 


185 


ANI61C10187 


186 


ANI61C10188 


187 


ANI61C10190 


188 


ANI61C10192 


189 


ANI61C10193 


190 


ANI61C10195 


191 


ANI61C10196 


192 


ANI61C10197 


193 


ANI61C10199 


194 


ANI61C10201 


195 


ANI61C10203 


196 


ANI61C10206 


197 


ANI61C10208 


198 


ANI61S4211 


199 


ANI61C10211 


200 


ANI61C10800 


201 


ANI61C10802 


202 


ANI61C10804 


203 


ANI61C10806 


204 


ANI61S4401 


205 


ANI61C10807 


206 

w \J W 


ANI61C10808 


207 


ANI61C10809 


208 


ANI61C10810 


209 


ANI61C10811 


210 


ANI61C10824 


211 


ANI61C10826 


212 


ANI61S4407 


213 


ANI61S4408 


214 


ANI61C10829 


215 


ANI61C10830 


216 


ANI61C10831 


217 


ANI61C10832 


218 


ANI61C10833 


219 


ANI61C10834 


220 


ANI61S4412 


221 


ANI61S4413 
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222 ANI61C10851 

223 ANI61S4414 

224 ANI61S4415 

225 ANI61S4416 

226 ANI61S4417 

227 ANI61S4418 

228 ANI61C10853 

229 ANI61C10854 

230 ANI61S4424 

231 ANI61C10860 

232 ANI61C10861 

233 ANI61S4425 

234 ANI61S4426 

235 ANI61S4427 

236 ANI61S4428 

237 ANI61C10862 

238 ANI61C10863 

239 ANI61C10864 

240 ANI61S4433 

241 ANI61S4434 

242 ANI61S4435 

243 ANI61C10871 

244 ANI61S4436 

245 ANI61S4437 

246 ANI61S4438 

247 ANI61S4439 

248 ANI61C10872 

249 ANI61S4440 

250 ANI61S4448 

251 ANI61S4449 

252 ANI61S4450 

253 ANI61S4451 

254 ANI61C10876 

255 ANI61C10877 

256 ANI61C10878 

257 ANI61C10879 

258 ANI61C10880 

259 ANI61C1G881 

260 ANI61C10883 

261 ANI61C10884 

262 ANI61C10886 

263 ANI61C10888 

264 ANI61C10889 

265 ANI61S4455 

266 ANI61C10891 

267 ANI61C10893 

268 ANI61S4457 

269 ANI61C10894 

270 ANI61C10895 

271 ANI61C10896 

272 ANI61S4462 

273 ANI61C10897 

274 ANI61S4465 

275 ANI61C10899 

276 ANI61C10900 

277 ANI61C10901 
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278 


ANI61C10902 


279 


ANI61C10903 


280 


ANI61C10904 


281 


ANI61C10906 


282 


ANI61S4472 


283 


ANI61C10907 


284 


ANI61C10908 


285 


ANI61C10909 




ANI61C10911 


287 


ANI61S4476 




ANI61C10913 




ANI61C10914 


290 


ANI61C10917 


291 


ANI61C10919 


292 


ANI61C10921 


293 


ANI61C10924 


294 


ANI61S4484 


295 


ANI61C10926 


296 


ANI61C10927 


297 


ANI61C10930 


298 


ANI61C10931 


299 


ANI61C10933 


300 


ANI61C42 


301 


ANI61C44 


302 


ANI61C46 


303 


ANI61C47 


304 


ANI61C48 


305 


ANI61C49 


306 


ANI61C50 


307 


ANI61C51 


308 


ANI61C52 


309 


ANI61C53 


J 1 u 


ANI61C67 


-? i J. 


ANI61C69 




ANI61C71 


313 


ANI61C72 


314 


ANI61C73 


315 


ANI61C74 


316 


ANI61S21 


317 


ANI61C75 


318 


ANI61C76 


^19 


ANI61C77 


320 


ANI61C88 


DA 1 


ANI61C90 


322 


ANI61C92 




ANI61S30 




ANI61C93 




ANI61C94 


326 


ANI61C95 


327 


ANI61C96 


328 


ANI61C97 


329 


ANI61C98 


330 


ANI61C103 


331 


ANI61C106 


332 


ANI61S43 


333 


ANI61C109 
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334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

360 

361 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

381 

382 

383 

384 

385 

386 

387 

388 

389 



ANI6iC112 

ANI61C113 

ANI61C114 

ANI61C116 

ANI61C117 

ANI61C119 

ANI61C125 

ANI61C126 

ANI61C127 

ANI61C128 

ANI61S58 

ANI61C129 

ANI61C130 

ANI61C131 

ANI61C132 

ANI61C134 

ANI61C139 

ANI61C140 

ANI61C142 

ANI61C143 

ANI61S72 

ANI61C146 

ANI61C147 

ANI61C148 

ANI61C149 

ANI61S76 

ANI61C156 

ANI61C158 

ANI61C160 

ANI61Ci63 

ANI61C164 

ANI61S90 

ANI61C167 

ANI61C168 

ANI61C171 

ANI61C173 

ANI61C177 

ANI61Ci79 

ANI61C181 

ANI61C183 

ANI61C184 

ANI61C185 

ANI61C187 

ANI61C188 

ANI61C190 

ANI61C191 

ANI61C196 

ANI61C198 

ANI61C200 

ANI61C201 

ANI61S130 

ANI61C203 

ANI61C206 

ANI61C207 

ANI61C208 

ANI61C211 
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390 ANI61C221 

391 ANI61C222 

392 ANI61C223 

393 ANI61S150 

394 ANI61C225 

395 ANI61C227 

396 ANI61C230 

397 ANI61C232 

398 ANI61C236 

399 ANI61C238 

400 ANI61C898 

401 ANI61C900 

402 ANI61C902 

403 ANI61S428 

404 ANI61C903 

405 ANI61C904 

406 ANI61C905 

407 ANI61C906 

408 ANI61C907 

409 ANI61C908 

410 ANI61C917 

411 ANI61C919 

412 ANI61C921 

413 ANI61C922 

414 ANI61C923 

415 ANI61C924 

416 ANI61C925 

417 ANI61C926 

418 ANI61C927 

419 ANI61C928 

420 ANI61C937 

421 ANI61C939 

422 ANI61C941 

423 ANI61C942 

424 ANI61C943 

425 ANI61S429 

426 ANI61C944 

427 ANI61C945 

428 ANI61S430 

429 ANI61C946 

430 ANI61C947 

431 ANI61C948 

432 ANI61C949 

433 ANI61C950 

434 ANI61C952 

435 ANI61C953 

436 ANI61C955 

437 ANI61C956 

438 ANI61C957 

439 ANI61S437 

440 ANI61C960 

441 ANI61C961 

442 ANI61C963 

443 ANI61C964 

444 ANI61C966 

445 ANI61C967 
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446 ANI61C969 

447 ANI61C971 

448 ANI61S441 

449 ANI61C974 

450 ANI61C975 

451 ANI61C976 

452 ANI61C977 

453 ANI61C978 

454 ANI61C979 

455 ANI61C980 

456 ANI61C982 

457 ANI61C984 

458 ANI61C985 
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ANI61C4167 


1959 


ANI61C4169 


1960 


ANI61C4181 


1961 


ANI61C4i82 


1962 


ANI61C4184 


1963 


ANI61C4186 


1964 


ANI61C4188 


1965 


ANI61C4190 


1966 


ANI61C4192 


1967 


ANI61C4194 


1968 


ANI61C4196 


1969 


ANI61C4198 


1970 


ANI61C4201 


1971 


ANI61C4202 


1972 


ANI61C4203 


1973 


ANI61C4204 


1974 


ANI61C4205 


1975 


ANI61C4206 


1976 


ANI61C4207 


1977 


ANI61C4209 


1978 


ANI61C4211 


1979 


ANI61C4213 


1980 


ANI61C4226 


1981 


ANI61C4227 


1982 


ANI61C4228 


1983 


ANI61C4229 


1984 


ANI61C4230 


1985 


ANI61C4231 


1986 


ANI61C4232 


1987 


ANI61C4234 


1988 


ANI61C4236 


1989 


ANI61C4238 


1990 


ANI61C4252 


1991 


ANI61C4253 


1992 


ANI61C4254 


1993 


ANI61C4255 


1994 


ANI61C4256 


1995 


ANI61C4257 


1996 


ANI61C4258 


1997 


ANI61C4260 


1998 


ANI61C4262 


1999 


ANI61C4264 


2000 


ANI61C10513 


2001 


ANI61C10514 


2002 


ANI61C10515 


2003 


ANI61C10516 


2004 


ANI61C10517 


2005 


ANI61C10518 


2006 


ANI61C10519 


2007 


ANI61C10520 


2008 


ANI61C1052i 


2009 


ANI61C10522 


2010 


ANI61C10541 


2011 


ANI61C10542 


2012 


ANI61C10543 


2013 


ANI61C10544 
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2014 


ANI61C10545 


2015 


ANI61C10546 


2016 


ANI61C10547 


2017 


ANI61C10548 


2018 


ANI61C10549 


2019 


ANI61C10550 


2020 


ANI61C10569 


2021 


ANI61C10570 


2022 


ANI61C10571 


2023 


ANI61C10572 


2024 


ANI61C10573 


2025 


ANI61C10574 


2026 


ANI61C10575 


2027 


ANI61C10576 


2028 


ANI61C10577 


2029 


ANI61C10578 


2030 


ANI61C10588 


2031 


ANI61C10590 


2032 


ANI61C10592 


2033 


ANI61C10594 


2034 


ANI61C10596 


2035 


ANI61C10598 


2036 


ANI61C10600 


2037 


ANI61C10602 


2038 


ANI61C10604 


2039 


ANI61C10605 


2040 


ANI61C10615 


2041 


ANI61C10617 


2042 


ANI61C10619 


2043 


ANI61C10621 


2044 


ANI61C10623 


2045 


ANI61C10625 


2046 


ANI61C10627 


2047 


ANI61C10629 


2048 


ANI61C10631 


2049 


ANI61C10632 


2050 


ANI61C10642 


2051 


ANI61C10644 


2052 


ANI61C10646 


2053 


ANI61C10648 


2054 


ANI61C10650 


2055 


ANI61C10652 


2056 


ANI61C10654 


2057 


ANI61C10656 


2058 


ANI61C10658 


2059 


ANI61C10659 


2060 


ANI61C10674 


2061 


ANI61C10677 


2062 


ANI61C10679 


2063 


ANI61C10681 


2064 


ANI61C10683 


2065 


ANI61C10685 


2066 


ANI61C10687 


2067 


ANI61C10689 


2068 


ANI61C10691 


2069 


ANI61C10692 
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2070 


ANI61C10704 


2071 


ANI61C10707 


2072 


ANI61C10710 


2073 


ANI61C10712 


2074 


ANI61C10714 


2075 


ANI61C10716 


2076 


ANI61C10718 


2077 


ANI61C10720 


2078 


ANI61C10722 


2079 


ANI61C10723 


2080 


ANI61C10738 


2081 


ANI61C10741 


2082 


ANI61C10743 


2083 


ANI61C10745 


2084 


ANI61C10747 


2085 


ANI61C10749 


2086 


ANI61C10751 


2087 


ANI61C10753 


2088 


ANI61C10755 


2089 


ANI61C10756 


2090 


ANI61C10770 


2091 


ANI61C10772 


2092 


ANI61C10775 


2093 


ANI61C10777 


2094 


ANI61C10779 


2095 


ANI61C10781 


2096 


ANI6iC10783 


2097 


ANI61C10785 


2098 


ANI61C10787 


2099 


ANI61C10788 


2100 


ANI61C11249 


2101 


ANI61C11250 


2102 


ANI61C11251 


2103 


ANI61C11252 


2104 


ANI61C11253 


2105 


ANI61C11254 


2106 


ANI61C11255 


2107 


ANI61C11256 


2108 


ANI61C11258 


2109 


ANI61C11260 


2110 


ANI61C11274 


2111 


ANI6lCil275 


2112 


ANI61C11276 


2113 


ANI61C11277 


2114 


ANI61C11278 


2115 


ANI61C11279 


2116 


ANI61C11280 


2117 


ANI61C11281 


2118 


ANI61C11282 


2119 


ANI61C11283 


2120 


ANI61C11292 


2121 


ANI61C11293 


2122 


ANI61C11294 


2123 


ANI61C11295 


2124 


ANI61C11296 


2125 


ANI61C11297 
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2126 


ANI61C11298 


2127 


ANI61C11299 


2128 


ANI61C11300 


2129 


ANI61C11301 


2130 


ANI61C11312 


2131 


ANI61C11314 


2132 


ANI61C11316 


2133 


ANI61C11318 


2134 


ANI61C11320 


2135 


ANI61C11322 


2136 


ANI61C11324 


2137 


ANI61C11326 


2138 


ANI61C11328 


2139 


ANI61C11330 


2140 


ANI61C11340 


2141 


ANI61C11342 


2142 


ANI61C11344 


2143 


ANI61C11346 


2144 


ANI61C11348 


2145 


ANI61C11350 


2146 


ANI61C11352 


2147 


ANI61C11354 


2148 


ANI61C11356 


2149 


ANI61C11358 


2150 


ANI61C11366 


2151 


ANI6iC11368 


2152 


ANI61C11370 


2153 


ANI61C11372 


2154 


ANI61C11374 


2155 


ANI61C11376 


2156 


ANI61C11378 


2157 


ANI61C11380 


2158 


ANI61C11382 


2159 


ANI61C11384 


2160 


ANI61C11400 


2161 


ANI61C11402 


2162 


ANI61C11405 


2163 


ANI61C11407 


2164 


ANI6iC11409 


2165 


ANI61C11411 


2166 


ANI61C11413 


2167 


ANI61C11415 


2168 


ANI61C11417 


2169 


ANI61C11419 


2170 


ANI61C11435 


2171 


ANI61C11437 


2172 


ANI61C11439 


2173 


ANI61C11441 


2174 


ANI61C11443 


2175 


ANI61C11445 


2176 


ANI61C11447 


2177 


ANI61C11449 


2178 


ANI61C11451 


2179 


ANI61C11453 


2180 


ANI61C11465 


2181 


ANI61C11468 
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2182 


ANI61C11471 


2183 


ANI61C11473 


2184 


ANI61C11475 


2185 


ANI61C11477 


2186 


ANI61C11479 


2187 


ANI61C11481 


2188 


ANI61C11483 


2189 


ANI61C11485 


2190 


ANI61C10 


2191 


ANI61C12 


2192 


ANI61C15 


2193 


ANI61C17 


2194 


ANI61C19 


2195 


ANI61C21 


2196 


ANI61C23 


2197 


ANI61C25 


2198 


ANI61C27 


2199 


ANI61C29 


2200 


ANI61C592 


2201 


ANI61C593 


2202 


ANI61C594 


2203 


ANI61C595 


2204 


ANI61C596 


2205 


ANI61C597 


2206 


ANI61C598 


2207 


ANI61C599 


2208 


ANI61C600 


2209 


ANI61C602 


2210 


ANI61C624 


2211 


ANI61C625 


2212 


ANI61C626 


2213 


ANI61C627 


2214 


ANI61C628 


2215 


ANI61C629 


2216 


ANI61C630 


2217 


ANI61C631 


2218 


ANI61C632 


2219 


ANI61C633 


2220 


ANI61C646 


2221 


ANI61C647 


2222 


ANI61C648 


2223 


ANI61C649 


2224 


ANI61C650 


2225 


ANI61C651 


2226 


ANI61C652 


2227 


ANI61C653 


2228 


ANI61C654 


2229 


ANI61C655 


2230 


ANI61C673 


2231 


ANI61C675 


2232 


ANI61C677 


2233 


ANI61C679 


2234 


ANI61C681 


2235 


ANI61C683 


2236 


ANI61C685 


2237 


ANI61C687 
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2238 

2239 

2240 

2241 

2242 

2243 

2244 

2245 

2246 

2247 

2248 

2249 

2250 

2251 

2252 

2253 

2254 

2255 

2256 

2257 

2258 

2259 

2260 

2261 

2262 

2263 

2264 

2265 

2266 

2267 

2268 

2269 

2270 

2271 

2272 

2273 

2274 

2275 

2276 

2277 

2278 

2279 

2280 

2281 

2282 

2283 

2284 

2285 

2286 

2287 

2288 

2289 

2290 

2291 

2292 

2293 



ANI61C689 

ANI61C691 

ANI61C711 

ANI61C713 

ANI61C715 

ANI61C717 

ANI61C719 

ANI61C721 

ANI61C723 

ANI61C725 

ANI61C727 

ANI61C729 

ANI61C750 

ANI61C752 

ANI61C754 

ANI61C756 

ANI61C758 

ANI61C760 

ANI61C762 

ANI61C764 

ANI61C766 

ANI61C768 

ANI61C788 

ANI61C790 

ANI61C792 

ANI61C794 

ANI61C796 

ANI61C798 

ANI61C800 

ANI61C802 

ANI61C804 

ANI61C806 

ANI61C813 

ANI61C815 

ANI61C817 

ANI61C819 

ANI61C821 

ANI61C823 

ANI61C825 

ANI61C827 

ANI61C829 

ANI61C831 

ANI61C842 

ANI61C844 

ANI61C846 

ANI61C848 

ANI61C850 

ANI61C852 

ANI61C854 

ANI61C856 

ANI61C858 

ANI61C860 

ANI61C871 

ANI61C873 

ANI61C875 

ANI61C877 
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2294 

2295 

2296 

2297 

2298 

2299 

2300 

2301 

2302 

2303 

2304 

2305 

2306 

2307 

2308 

2309 

2310 

2311 

2312 

2313 

2314 

2315 

2316 

2317 

2318 

2319 

2320 

2321 

2322 

2323 

2324 

2325 

2326 

2327 

2328 

2329 

2330 

2331 

2332 

2333 

2334 

2335 

2336 

2337 

2338 

2339 

2340 

2341 

2342 

2343 

2344 

2345 

2346 

2347 

2348 

2349 



ANI61C879 

ANI61C881 

ANI61C883 

ANI61C885 

ANI61C887 

ANI61C889 

ANI61C1352 

ANI61C1354 

ANI61C1356 

ANI61C1358 

ANI61C1360 

ANI61C1362 

ANI61C1364 

ANI61C1366 

ANI61C1369 

ANI61C1372 

ANI61C1394 

ANI61C1396 

ANI61C1398 

ANI61C1400 

ANI61C1402 

ANI61C1404 

ANI61C1406 

ANI61C1408 

ANI61C1410 

ANI61C1412 

ANI61C1430 

ANI61C1432 

ANI61C1434 

ANI61C1436 

ANI61C1438 

ANI61C1440 

ANI61C1442 

ANI61C1444 

ANI61C1446 

ANI61C1448 

ANI61C1466 

ANI61C1469 

ANI61C1472 

ANI61C1475 

ANI61C1478 

ANI61C1481 

ANI61C1484 

ANI61C1487 

ANI61C1490 

ANI61C1493 

ANI61C1511 

ANI61C1514 

ANI61C1517 

ANI61C1520 

ANI61C1523 

ANI61C1526 

ANI61C1529 

ANI61C1532 

ANI61C1535 

ANI61C1538 
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2350 ANI61C1556 

2351 ANI61C1559 

2352 ANI61C1562 

2353 ANI61C1565 

2354 ANI61C1568 

2355 ANI61C1571 

2356 ANI61C1574 

2357 ANI61C1577 

2358 ANI61C1580 

2359 ANI61C1583 

2360 ANI61C1602 

2361 ANI61C1605 

2362 ANI61C1608 

2363 ANI61C1611 

2364 ANI61C1614 

2365 ANI61C1617 

2366 ANI61C1620 

2367 ANI61C1623 

2368 ANI61C1626 

2369 ANI61C1629 

2370 ANI61C1640 

2371 ANI61C1642 

2372 ANI61C1644 

2373 ANI61C1646 

2374 ANI61C1648 

2375 ANI61C165G 

2376 ANI61C1652 

2377 ANI61C1654 

2378 ANI61C1656 

2379 ANI61C1658 

2380 ANI61C1668 

2381 ANI61C1670 

2382 ANI61C1672 

2383 ANI61C1674 

2384 ANI61C1676 

2385 ANI61C1678 

2386 ANI61C1680 

2387 ANI61C1682 

2388 ANI61C1684 

2389 ANI61C1686 

2390 ANI61C1696 

2391 ANI61C1698 

2392 ANI61C1700 

2393 ANI61C1702 

2394 ANI61C1704 

2395 ANI61C1706 

2396 ANI61C1708 

2397 ANI61C1710 

2398 ANI61C1712 

2399 ANI61C1714 

2400 ANI61C2076 

2401 ANI61C2078 

2402 ANI61C2080 

2403 ANI61C2082 

2404 ANI61C2084 

2405 ANI61C2086 
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2406 

2407 

2408 

2409 

2410 

2411 

2412 

2413 

2414 

2415 

2416 

2417 

2418 

2419 

2420 

2421 

2422 

2423 

2424 

2425 

2426 

2427 

2428 

2429 

2430 

2431 

2432 

2433 

2434 

2435 

2436 

2437 

2438 

2439 

2440 

2441 

2442 

2443 

2444 

2445 

2446 

2447 

2448 

2449 

2450 

2451 

2452 

2453 

2454 

2455 

2456 

2457 

2458 

2459 

2460 

2461 



ANI61C2088 

ANI61C2091 

ANI61C2094 

ANI61C2097 

ANI61C2118 

ANI61C2120 

ANI61C2122 

ANI61C2124 

ANI61C2126 

ANI61C2128 

ANI61C2130 

ANI61C2132 

ANI61C2134 

ANI61C2136 

ANI61C2149 

ANI61C2151 

ANI61C2153 

ANI61C2155 

ANI61C2157 

ANI61C2159 

ANI61C2161 

ANI61C2163 

ANI61C2165 

ANI61C2167 

ANI61C2187 

ANI61C2190 

ANI61C2193 

ANI61C2196 

ANI61C2199 

ANI61C2202 

ANI61C2205 

ANI61C2208 

ANI61C2211 

ANI61C2214 

ANI61C2232 

ANI61C2235 

ANI61C2238 

ANI61C2241 

ANI61C2244 

ANI61C2247 

ANI61C2250 

ANI61C2253 

ANI61C2256 

ANI61C2259 

ANI61C2274 

ANI61C2277 

ANI61C2280 

ANI61C2283 

ANI61C2286 

ANI61C2289 

ANI61C2292 

ANI61C2295 

ANI61C2298 

ANI61C2301 

ANI61C2319 

ANI61C2322 
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2462 

2463 

2464 

2465 

2466 

2467 

2468 

2469 

2470 

2471 

2472 

2473 

2474 

2475 

2476 

2477 

2478 

2479 

2480 

2481 

2482 

2483 

2484 

2485 

2486 

2487 

2488 

2489 

2490 

2491 

2492 

2493 

2494 

2495 

2496 

2497 

2498 

2499 

2500 

2501 

2502 

2503 

2504 

2505 

2506 

2507 

2508 

2509 

2510 

2511 

2512 

2513 

2514 

2515 

2516 

2517 



ANI61C2325 

ANI61C2328 

ANI61C2331 

ANI61C2334 

ANI61C2337 

ANI61C2340 

ANI61C2343 

ANI61C2346 

ANI61C2358 

ANI61C2360 

ANI61C2362 

ANI61C2364 

ANI61C2366 

ANI61C2368 

ANI61C2370 

ANI61C2372 

ANI61C2374 

ANI61C2376 

ANI61C2385 

ANI61C2387 

ANI61C2389 

ANI61C2391 

ANI61C2393 

ANI61C2395 

ANI61C2397 

ANI61C2399 

ANI61C2401 

ANI61C2403 

ANI61C2411 

ANI61C2413 

ANI61C2415 

ANI61C2417 

ANI61C2419 

ANI61C2421 

ANI61C2423 

ANI61C2425 

ANI61C2427 

ANI61C2429 

ANI61C2868 

ANI61C2870 

ANI61C2872 

ANI61C2874 

ANI61C2876 

ANI61C2878 

ANI61C2880 

ANI61C2883 

ANI61C2886 

ANI61C2889 

ANI61C2915 

ANI61C2916 

ANI61C2918 

ANI61C2920 

ANI61C2922 

ANI61C2924 

ANI61C2926 

ANI61C2928 
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2518 


ANI61C2930 


2519 


ANI61C2932 


2520 


ANI61C2957 


2521 


ANI61C2958 


2522 


ANI61C2960 


2523 


ANI61C2962 


2524 


ANI61C2964 


2525 


ANI61C2966 


2526 


ANI61C2968 


2527 


ANI61C2970 


2528 


ANI61C2972 


2529 


ANI61C2974 


2530 


ANI61C3005 


2531 


ANI61C3007 


2532 


ANI61C3010 


2533 


ANI61C3013 


2534 


ANI61C3016 


2535 


ANI61C3019 


2536 


AM61C3022 


2537 


ANI61C3025 


2538 


ANI61C3028 


2539 


ANI61C3030 


2540 


ANI61C3049 


2541 


ANI61C3051 


2542 


ANI61C3054 


2543 


ANI61C3057 


2544 


ANI61C3060 


2545 


ANI61C3063 


2546 


ANI61C3066 


2547 


ANI61C3069 


2548 


ANI61C3072 


2549 


ANI61C3074 


2550 


ANI61C3091 


2551 


ANI61C3093 


2552 


ANI61C3096 


2553 


ANI61C3099 


2554 


ANI61C3102 


2555 


ANI61C3105 


2556 


ANI61C3108 


2557 


ANI61C3111 


2558 


ANI61C3114 


2559 


ANI61C3116 


2560 


ANI61C3136 


2561 


ANI61C3138 


2562 


ANI61C3141 


2563 


ANI61C3144 


2564 


ANI61C3147 


2565 


ANI61C3150 


2566 


ANI61C3153 


2567 


ANI61C3156 


2568 


ANI61C3159 


2569 


ANI61C3161 


2570 


ANI61C3173 


2571 


ANI61C3175 


2572 


ANI61C3177 


2573 


ANI61C3179 
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2574 ANI61C3181 

2575 ANI61C3183 

2576 ANI61C3185 

2577 ANI61C3187 

2578 ANI61C3189 

2579 ANI61C3190 

2580 ANI61C3201 

2581 ANI61C3203 

2582 ANI61C3205 

2583 ANI61C3207 

2584 ANI61C3209 

2585 ANI61C3211 

2586 ANI61C3213 

2587 ANI61C3215 

2588 ANI61C3217 

2589 ANI61C3218 

2590 ANI61C3231 

2591 ANI61C3233 

2592 ANI61C3235 

2593 ANI61C3237 

2594 ANI61C3239 

2595 ANI61C3241 

2596 ANI61C3243 

2597 ANI61C3245 

2598 ANI61C3247 

2599 ANI61C3248 

2600 ANI61C3783 

2601 ANI61C3784 

2602 ANI61C3786 

2603 ANI61C3790 

2604 ANI61C3794 

2605 ANI61C3797 

2606 ANI61C3800 

2607 ANI61C3803 

2608 ANI61C3807 

2609 ANI61C3811 

2610 ANI61C3839 

2611 ANI61C3840 

2612 ANI61C3842 

2613 ANI61C3845 

2614 ANI61C3848 

2615 ANI61C3851 

2616 ANI61C3854 

2617 ANI61C3857 

2618 ANI61C3860 

2619 ANI61C3863 

2620 ANI61C3893 

2621 ANI61C3894 

2622 ANI61C3896 

2623 ANI61C3899 

2624 ANI61C3902 

2625 ANI61C3905 

2626 ANI61C3908 

2627 ANI61C3911 

2628 ANI61C3914 

2629 ANI61C3917 
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2630 


AM61C3945 


2631 


ANI61C3947 


2632 


ANI61C3950 


2633 


ANI61C3954 


2634 


ANI61C3958 


2635 
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2636 


ANI61C3966 


2637 


ANI61C3970 


2638 
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2639 


ANI61C3977 


2640 


ANI61C3998 


2641 


ANI61C4000 


2642 


ANI61C4003 


2643 


ANI61C4006 


2644 


ANI61C4009 


2645 


ANI61C4012 


2646 


ANI61C4015 


2647 


ANI61C4018 


2648 


ANI61C4021 


2649 


ANI61C4023 


2650 


ANI61C4041 


2651 


ANI61C4043 


2652 


ANI61C4046 


2653 


ANI61C4049 


2654 


ANI61C4052 


2655 


ANI61C4055 


2656 


ANI61C4058 


2657 


ANI61C4061 


2658 


ANI61C4064 


2659 


ANI61C4066 


2660 


ANI61C4086 


2661 


ANI61C4088 


2662 


ANI61C4091 


2663 


ANI61C4094 


2664 


ANI61C4097 


2665 


ANI61C4100 


2666 


ANI61C4103 


2667 


ANI61C4106 


2668 


ANI61C4109 


2669 


ANI61C4111 


2670 


ANI61C4125 


2671 


ANI61C4127 


2672 


ANI61C4129 


2673 


ANI61C4131 


2674 


ANI61C4133 


2675 


ANI61C4135 


2676 


ANI61C4137 


2677 


ANI61C4139 


2678 


ANI61C4141 


2679 


ANI61C4142 


2680 
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2681 


ANI61C4156 


2682 


ANI61C4158 


2683 


ANI61C4160 


2684 


ANI6iC4162 


2685 


ANI61C4164 
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2686 ANI61C4166 

2687 ANI61C4168 

2688 ANI61C4170 

2689 ANI61C4171 

2690 ANI61C4183 

2691 ANI61C4185 

2692 ANI61C4187 

2693 ANI61C4189 

2694 ANI61C4191 

2695 ANI61C4193 

2696 ANI61C4195 

2697 ANI61C4197 

2698 ANI61C4199 

2699 ANI61C4200 

2700 ANI61C4791 

2701 ANI61C4792 

2702 ANI61C4795 

2703 ANI61C4798 

2704 ANI61C4801 

2705 AM61C4804 

2706 ANI61C4807 

2707 ANI61C4811 

2708 ANI61C4814 

2709 ANI61C4818 

2710 ANI61C4850 

2711 ANI61C4851 

2712 ANI61C4854 

2713 ANI61C4857 

2714 ANI61C4860 

2715 ANI61C4863 

2716 ANI61C4866 

2717 ANI6iC4869 

2718 ANI61C4872 

2719 ANI61C4875 

2720 ANI61C4903 

2721 ANI61C4904 

2722 ANI61C4907 

2723 ANI61C4910 

2724 ANI61C4913 

2725 ANI61C4916 

2726 ANI61C4919 

2727 ANI61C4922 

2728 ANI61C4925 

2729 ANI61C4928 

2730 ANI61C4951 

2731 ANI61C4952 

2732 ANI61C4955 

2733 ANI61C4958 

2734 ANI61C4961 

2735 ANI61C4964 

2736 ANI61C4967 

2737 ANI61C4970 

2738 ANI61C4973 

2739 ANI61C4976 

2740 ANI61C4998 

2741 ANI61C4999 
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2742 

2743 

2744 

2745 

2746 

2747 

2748 

2749 

2750 

2751 

2752 

2753 

2754 

2755 

2756 

2757 

2758 

2759 

2760 

2761 

2762 

2763 

2764 

2765 

2766 

2767 

2768 

2769 

2770 

2771 

2772 

2773 

2774 

2775 

2776 

2777 

2778 

2779 

2780 

2781 

2782 

2783 

2784 

2785 

2786 

2787 

2788 

2789 

2790 

2791 

2792 

2793 

2794 

2795 

2796 

2797 



ANI61C5001 

ANI61C5003 

ANI61C5005 

ANI61C5007 

ANI61C5009 

ANI61C5011 

ANI61C5013 

ANI61C5015 

ANI61C5032 

ANI61C5033 

ANI61C5035 

ANI61C5037 

ANI61C5039 

ANI61C5041 

ANI61C5043 

ANI61C5045 

ANI61C5047 

ANI61C5049 

ANI61C5068 

ANI61C5069 

ANI61C5071 

ANI61C5073 

ANI61C5075 

ANI61C5077 

ANI61C5079 

ANI61C5081 

ANI61C5083 

ANI61C5085 

ANI61C5096 

ANI61C5097 

ANI61C5098 

ANI61C5099 

ANI61C5100 

ANI61C5101 

ANI61C5102 

ANI61C5103 

ANI61C5104 

ANI61C5106 

ANI61C5122 

ANI61C5123 

ANI61C5124 

ANI61C5125 

ANI61C5126 

ANI61C5127 

ANI61C5i28 

ANI61C5129 

ANI61C5130 

ANI61C5131 

ANI61C5146 

ANI61C5i47 

ANI61C5148 

ANI61C5149 

ANI61C5150 

ANI61C5151 

ANI61C5152 

ANI61C5153 
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2798 ANI61C5154 

2799 ANI61C5156 

2800 ANI61C5722 

2801 ANI61C5723 

2802 ANI61C5726 

2803 ANI61C5729 

2804 ANI61C5732 

2805 ANI61C5735 

2806 ANI61C5738 

2807 ANI61C5742 

2808 ANI61C5746 

2809 ANI61C5750 

2810 ANI61C5776 

2811 ANI61C5777 

2812 ANI61C5780 

2813 ANI61C5783 

2814 ANI61C5786 

2815 ANI61C5789 

2816 ANI61C5792 

2817 ANI61C5795 

2818 ANI61C5798 

2819 ANI61C5801 

2820 ANI61C5829 

2821 ANI61C5830 

2822 ANI61C5833 

2823 ANI61C5836 

2824 ANI61C5839 

2825 ANI61C5842 

2826 ANI61C5845 

2827 ANI61C5848 

2828 ANI61C5851 

2829 ANI61C5854 

2830 ANI61C5881 

2831 ANI61C5882 

2832 ANI61C5885 

2833 ANI61C5888 

2834 ANI61C5891 

2835 ANI61C5894 

2836 ANI61C5897 

2837 ANI61C5900 

2838 ANI61C5903 

2839 ANI61C5906 

2840 ANI61C5922 

2841 ANI61C5923 

2842 ANI61C5925 

2843 ANI61C5927 

2844 ANI61C5929 

2845 ANI6iC5931 

2846 ANI61C5933 

2847 ANI61C5935 

2848 ANI61C5937 

2849 ANI61C5939 

2850 ANI61C5951 

2851 ANI61C5952 

2852 ANI61C5954 

2853 ANI61C5956 
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2854 ANI61C5958 

2855 ANI61C5960 

2856 ANI61C5962 

2857 ANI61C5964 

2858 ANI61C5966 

2859 ANI61C5968 

2860 ANI61C5986 

2861 ANI61C5987 

2862 ANI61C5989 

2863 ANI61C5991 

2864 ANI61C5993 

2865 ANI61C5995 

2866 ANI61C5997 

2867 ANI61C5999 

2868 ANI61C6001 

2869 ANI61C6003 

2870 ANI61C6014 

2871 ANI61C6015 

2872 ANI61C6016 

2873 ANI61C6017 

2874 ANI61C6018 

2875 ANI61C6019 

2876 ANI61C6020 

2877 ANI61C6021 

2878 ANI61C6022 

2879 ANI61C6024 

2880 ANI61C6037 

2881 ANI61C6038 

2882 ANI61C6039 

2883 ANI61C6040 

2884 ANI61C6041 

2885 ANI61C6042 

2886 ANI61C6043 

2887 ANI61C6044 

2888 ANI61C6045 

2889 ANI61C6046 

2890 ANI61C6057 

2891 ANI61C6058 

2892 ANI61C6059 

2893 ANI61C6060 

2894 AN161C6061 

2895 ANI61C6062 

2896 ANI61C6063 

2897 ANI61C6064 

2898 ANI61C6065 

2899 ANI61C6067 

2900 ANI61C6582 

2901 ANI61C6583 

2902 ANI61C6585 

2903 ANI61C6588 

2904 ANI61C6592 

2905 ANI61C6596 

2906 ANI61C6600 

2907 ANI61C6604 

2908 ANI61C6609 

2909 ANI61C6614 
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2910 ANI61C6642 

2911 ANI61C6643 

2912 ANI61C6645 

2913 ANI61C6648 

2914 ANI61C6651 

2915 ANI61C6654 

2916 ANI61C6657 

2917 ANI61C6660 

2918 ANI61C6663 

2919 ANI61C6666 

2920 ANI61C6689 

2921 ANI61C6690 

2922 ANI61C6692 

2923 ANI61C6695 

2924 ANI61C6698 

2925 ANI61C6701 

2926 ANI61C6704 

2927 ANI61C6707 

2928 ANI61C6710 

2929 AM61C6713 

2930 ANI61C6734 

2931 ANI61C6735 

2932 ANI61C6737 

2933 ANI61C6740 

2934 ANI61C6743 

2935 ANI61C6746 

2936 ANI61C6749 

2937 ANI61C6752 

2938 ANI61C6755 

2939 ANI61C6758 

2940 ANI61C6770 

2941 ANI61C6771 

2942 ANI61C6773 

2943 ANI61C6775 

2944 ANI61C6777 

2945 ANI61C6779 

2946 ANI61C6781 

2947 ANI61C6783 

2948 ANI61C6785 

2949 ANI61C6787 

2950 ANI61C6796 

2951 ANI61C6797 

2952 ANI61C6799 

2953 ANI61C6801 

2954 ANI61C6803 

2955 ANI61C6805 

2956 ANI61C6807 

2957 ANI61C6809 

2958 ANI61C6811 

2959 ANI61C6813 

2960 ANI61C6825 

2961 ANI61C6826 

2962 ANI61C6828 

2963 ANI61C6830 

2964 ANI61C6832 

2965 ANI61C6834 
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2966 

2967 

2968 

2969 

2970 

2971 

2972 

2973 

2974 

2975 

2976 

2977 

2978 

2979 

2980 

2981 

2982 

2983 

2984 

2985 

2986 

2987 

2988 

2989 

2990 

2991 

2992 

2993 

2994 

2995 

2996 

2997 

2998 

2999 

3000 

3001 

3002 

3003 

3004 

3005 

3006 

3007 

3008 

3009 

3010 

3011 

3012 

3013 

3014 

3015 

3016 

3017 

3018 

3019 

3020 

3021 



ANI61C6836 

ANI61C6838 

ANI6iC6840 

ANI61C6842 

ANI61C6845 

ANI61C6846 

ANI61C6847 

ANI61C6848 

ANI61C6849 

ANI61C6850 

ANI61C6851 

ANI61C6852 

ANI61C6853 

ANI61C6854 

ANI61C6858 

ANI61C6859 

ANI61C6860 

ANI61C6861 

ANI61C6862 

ANI61C6863 

ANI6iC6864 

ANI61C6865 

ANI61C6866 

ANI61C6867 

ANI61C6873 

ANI61C6874 

ANI61C6875 

ANI61C6876 

ANI61C6877 

ANI61C6878 

ANI61C6879 

ANI61C6880 

ANI61C6881 

ANI61C6882 

ANI61C1269 

ANI61C1270 

ANI61C1271 

ANI61C1272 

ANI61C1273 

ANI61C1274 

ANI61C1276 

ANI61C1278 

ANI61C1280 

ANI61C1281 

ANI61C1295 

ANI61C1296 

ANI61C1297 

ANI61C1298 

ANI61C1299 

ANI61C1300 

ANI61C1302 

ANI61C1303 

ANI61C1305 

ANI61C1307 

ANI61C1321 

ANI61C1322 
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3022 

3023 

3024 

3025 

3026 

3027 

3028 

3029 

3030 

3031 

3032 

3033 

3034 

3035 

3036 

3037 

3038 

3039 

3040 

3041 

3042 

3043 

3044 

3045 

3046 

3047 

3048 

3049 

3050 

3051 

3052 

3053 

3054 

3055 

3056 

3057 

3058 

3059 

3060 

3061 

3062 

3063 

3064 

3065 

3066 

3067 

3068 

3069 

3070 

3071 

3072 

3073 

3074 

3075 

3076 

3077 



ANI61C1323 

ANI61C1324 

ANI61C1325 

ANI61C1326 

ANI61C1328 

ANI61C1329 

ANI61C1330 

ANI61C1332 

ANI61C1353 

ANI61C1355 

ANI61C1357 

ANI61C1359 

ANI61C1361 

ANI6iC1363 

ANI61C1365 

ANI61C1368 

ANI61C1371 

ANI61C1373 

ANI61C1395 

ANI61C1397 

ANI61C1399 

ANI61C1401 

ANI61C1403 

ANI61C1405 

ANI61C1407 

ANI61C1409 

ANI61C1411 

ANI61C1413 

ANI61C1431 

ANI61C1433 

ANI61C1435 

ANI61C1437 

ANI6iC1439 

ANI61C1441 

ANI61C1443 

ANI61C1445 

ANI61C1447 

ANI61C1449 

ANI61C1468 

ANI61C1471 

ANI61C1474 

ANI61C1477 

ANI61C1480 

ANI61C1483 

ANI61C1486 

ANI61C1489 

ANI61C1492 

ANI61C1494 

ANI61C1513 

ANI61C1516 

ANI61C1519 

ANI61C1522 

ANI61C1525 

ANI61C1528 

ANI61C1531 

ANI61C1534 
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3078 

3079 

3080 

3081 

3082 

3083 

3084 

3085 

3086 

3087 

3088 

3089 

3090 

3091 

3092 

3093 

3094 

3095 

3096 

3097 

3098 

3099 

3100 

3101 

3102 

3103 

3104 

3105 

3106 

3107 

3108 

3109 

3110 

3111 

3112 

3113 

3114 

3115 

3116 

3117 

3118 

3119 

3120 

3121 

3122 

3123 

3124 

3125 

3126 

3127 

3128 

3129 

3130 

3131 

3132 

3133 



ANI61C1537 

ANI61C1539 

AM61C1558 

ANI61C1561 

ANI61C1564 

ANI61C1567 

ANI61C1570 

ANI61C1573 

ANI61C1576 

ANI61C1579 

ANI61C1582 

ANI61C1584 

ANI61C1604 

ANI61C1607 

ANI61C1610 

ANI61C1613 

ANI61C1616 

ANI61C1619 

ANI61C1622 

ANI61C1625 

ANI61C1628 

ANI61C1630 

ANI61C1992 

ANI61C1993 

ANI61C1994 

ANI61C1995 

ANI61C1996 

ANI61C1997 

ANI61C1999 

ANI61C2000 

ANI61C2002 

ANI61C2004 

ANI61C2017 

ANI61C2018 

ANI61C2019 

ANI61C2020 

ANI61C2021 

ANI61C2022 

ANI61C2024 

ANI61C2025 

ANI61C2027 

ANI61C2029 

ANI61C2043 

ANI61C2044 

ANI61C2045 

ANI61C2046 

ANI61C2047 

ANI61C2048 

ANI61C2049 

ANI61C2050 

ANI61C2051 

ANI61C2053 

ANI61C2077 

ANI61C2079 

ANI61C2081 

ANI61C2083 
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3134 ANI61C2085 

3135 ANI61C2087 

3136 ANI61C2090 

3137 ANI61C2093 

3138 ANI61C2096 

3139 ANI61C2098 

3140 ANI61C2119 

3141 ANI61C2121 

3142 ANI61C2123 

3143 ANI61C2125 

3144 ANI61C2127 

3145 ANI61C2129 

3146 ANI61C2131 

3147 ANI61C2133 

3148 ANI61C2135 

3149 ANI61C2137 

3150 ANI61C2150 

3151 ANI61C2152 

3152 ANI61C2154 

3153 ANI61C2156 

3154 ANI61C2158 

3155 ANI61C2160 

3156 ANI61C2162 

3157 ANI61C2164 

3158 ANI61C2166 

3159 ANI61C2168 

3160 ANI61C2189 

3161 ANI61C2192 

3162 ANI61C2195 

3163 ANI61C2198 

3164 ANI61C2201 

3165 ANI61C2204 

3166 ANI61C2207 

3167 ANI61C2210 

3168 ANI61C2213 

3169 ANI61C2215 

3170 ANI61C2234 

3171 ANI61C2237 

3172 ANI61C2240 

3173 ANI61C2243 

3174 ANI61C2246 

3175 ANI61C2249 

3176 ANI61C2252 

3177 ANI61C2255 

3178 ANI61C2258 

3179 ANI61C2260 

3180 ANI61C2276 

3181 ANI61C2279 

3182 ANI61C2282 

3183 ANI61C2285 

3184 ANI61C2288 

3185 ANI61C2291 

3186 ANI61C2294 

3187 ANI61C2297 

3188 ANI61C2300 

3189 ANI61C2302 
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3190 

3191 

3192 

3193 

3194 

3195 

3196 

3197 

3198 

3199 

3200 

3201 

3202 

3203 

3204 

3205 

3206 

3207 

3208 

3209 

3210 

3211 

3212 

3213 

3214 

3215 

3216 

3217 

3218 

3219 

3220 

3221 

3222 

3223 

3224 

3225 

3226 

3227 

3228 

3229 

3230 

3231 

3232 

3233 

3234 

3235 

3236 

3237 

3238 

3239 

3240 

3241 

3242 

3243 

3244 

3245 



ANI61C2321 

ANI61C2324 

ANI61C2327 

ANI61C2330 

ANI61C2333 

ANI61C2336 

ANI61C2339 

ANI61C2342 

ANI61C2345 

ANI61C2347 

ANI61C2772 

ANI61C2773 

ANI61C2774 

ANI61C2775 

ANI61C2776 

ANI61C2777 

ANI61C2779 

ANI61C2781 

ANI61C2783 

ANI61C2784 

ANI61C2802 

ANI61C2803 

ANI61C2804 

ANI61C2805 

ANI61C2806 

ANI61C2807 

ANI61C2809 

ANI61C2810 

ANI61C2811 

ANI61C2813 

ANI61C2832 

ANI61C2833 

ANI61C2834 

ANI61C2835 

ANI61C2836 

ANI61C2837 

ANI61C2838 

ANI61C2840 

ANI61C2841 

ANI61C2843 

ANI61C2869 

ANI61C2871 

ANI61C2873 

ANI61C2875 

ANI61C2877 

ANI61C2879 

ANI61C2882 

ANI61C2885 

ANI61C2888 

ANI61C2890 

ANI61C29i7 

ANI61C2919 

ANI61C2921 

ANI61C2923 

ANI61C2925 

ANI61C2927 
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3246 ANI61C2929 

3247 ANI61C2931 

3248 ANI61C2933 

3249 ANI61C2934 

3250 ANI61C2959 

3251 ANI61C2961 

3252 ANI61C2963 

3253 ANI61C2965 

3254 ANI61C2967 

3255 ANI61C2969 

3256 ANI61C2971 

3257 ANI61C2973 

3258 ANI61C2975 

3259 ANI61C2976 

3260 ANI61C3008 

3261 ANI61C3011 

3262 ANI61C3014 

3263 ANI61C3017 

3264 ANI61C3020 

3265 ANI61C3023 

3266 ANI61C3026 

3267 ANI61C3029 

3268 ANI61C3031 

3269 ANI61C3032 

3270 ANI61C3052 

3271 ANI61C3055 

3272 ANI61C3058 

3273 ANI61C3061 

3274 ANI61C3064 

3275 ANI61C3067 

3276 ANI61C3070 

3277 ANI61C3073 

3278 ANI61C3075 

3279 ANI61C3076 

3280 ANI61C3094 

3281 ANI61C3097 

3282 ANI61C3100 

3283 ANI61C3103 

3284 ANI61C3106 

3285 ANI61C3109 

3286 ANI61C3112 

3287 ANI61C3115 

3288 ANI61C3117 

3289 ANI61C3118 

3290 ANI61C3139 

3291 ANI61C3142 

3292 ANI61C3145 

3293 ANI61C3148 

3294 ANI61C3151 

3295 ANI61C3154 

3296 ANI61C3157 

3297 ANI61C3160 

3298 ANI61C3162 

3299 ANI61C3163 

3300 ANI61C3623 

3301 ANI61C3625 
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3302 

3303 

3304 

3305 

3306 

3307 

3308 

3309 

3310 

3311 

3312 

3313 

3314 

3315 

3316 

3317 

3318 

3319 

3320 

3321 

3322 

3323 

3324 

3325 

3326 

3327 

3328 

3329 

3330 

3331 

3332 

3333 

3334 

3335 

3336 

3337 

3338 

3339 

3340 

3341 

3342 

3343 

3344 

3345 

3346 

3347 

3348 

3349 

3350 

3351 

3352 

3353 

3354 

3355 

3356 

3357 



ANI61C3628 

ANI61C3631 

ANI61C3634 

ANI61C3637 

ANI61C3641 

ANI61C3645 

ANI61C3649 

ANI61C3653 

ANI61C3678 

ANI61C3680 

ANI61C3683 

ANI61C3686 

ANI61C3689 

ANI61C3692 

ANI61C3696 

ANI61C3700 

ANI61C3704 

ANI61C3707 

ANI61C3727 

ANI61C3729 

ANI61C3732 

ANI61C3734 

ANI61C3736 

ANI61C3739 

ANI61C3743 

ANI61C3747 

ANI61C3751 

ANI61C3754 

ANI61C3785 

ANI61C3787 

ANI61C3791 

ANI61C3795 

ANI61C3798 

ANI61C3801 

ANI61C3804 

ANI61C3808 

ANI61C3812 

ANI61C3816 

ANI61C3841 

ANI61C3843 

ANI61C3846 

ANI61C3849 

ANI61C3852 

ANI61C3855 

ANI61C3858 

ANI61C3861 

ANI61C3864 

ANI61C3866 

ANI61C3895 

ANI61C3897 

ANI61C3900 

ANI61C3903 

ANI61C3906 

ANI61C3909 

ANI61C3912 

ANI61C3915 
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3358 

3359 

3360 

3361 

3362 

3363 

3364 

3365 

3366 

3367 

3368 

3369 

3370 

3371 

3372 

3373 

3374 

3375 

3376 

3377 

3378 

3379 

3380 

3381 

3382 

3383 

3384 

3385 

3386 

3387 

3388 

3389 

3390 

3391 

3392 

3393 

3394 

3395 

3396 

3397 

3398 

3399 

3400 

3401 

3402 

3403 

3404 

3405 

3406 

3407 

3408 

3409 

3410 

3411 

3412 

3413 



ANI61C3918 

ANI61C3920 

ANI61C3948 

ANI61C3951 

ANI61C3955 

ANI61C3959 

ANI61C3963 

ANI61C3967 

ANI61C3971 

ANI61C3975 

ANI61C3978 

ANI61C3980 

ANI61C4001 

ANI61C4004 

ANI61C4007 

ANI61C4010 

ANI61C4013 

ANI61C4016 

ANI61C4019 

ANI61C4022 

ANI61C4024 

ANI61C4025 

ANI61C4044 

ANI61C4047 

ANI61C4050 

ANI61C4053 

ANI61C4056 

ANI61C4059 

ANI61C4062 

ANI61C4065 

ANI61C4067 

ANI61C4068 

ANI61C4089 

ANI61C4092 

ANI61C4095 

ANI61C4098 

ANI61C4101 

ANI61C4104 

ANI61C4107 

ANI61C4110 

ANI61C4112 

ANI61C4113 

ANI61C4645 

ANI61C4647 

ANI61C4649 

ANI61C4651 

ANI61C4653 

ANI61C4655 

ANI61C4658 

ANI61C4660 

ANI61C4662 

ANI61C4664 

ANI61C4699 

ANI61C4701 

ANI61C4703 

ANI61C4705 
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3414 ANI61C4707 

3415 ANI61C4709 

3416 ANI61C4712 

3417 ANI61C4715 

3418 ANI61C4717 

3419 ANI61C4719 

3420 ANI61C4744 

3421 ANI61C4746 

3422 ANI61C4748 

3423 ANI61C4750 

3424 ANI61C4752 

3425 ANI61C4754 

3426 ANI61C4757 

3427 ANI61C4760 

3428 ANI61C4763 

3429 ANI61C4765 

3430 ANI61C4793 

3431 ANI61C4796 

3432 ANI61C4799 

3433 ANI61C4802 

3434 ANI61C4805 

3435 ANI61C4808 

3436 ANI61C4812 

3437 ANI61C4815 

3438 ANI61C4819 

3439 ANI61C4821 

3440 ANI61C4852 

3441 ANI61C4855 

3442 ANI61C4858 

3443 ANI61C4861 

3444 ANI61C4864 

3445 ANI61C4867 

3446 ANI61C4870 
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